CHARACTRON... 


shaped-beam tube is versatile air- 
surveillance display tool with many 
uses in data processing, computer 
monitoring and rapid communica- 
tions. 


Page - - - 138 ARMY AUTOMATION... 


developments are pictorially reviewed. 
Page - - - 136 


ALSO— 


CYTAC, Unified R & D, Missile-borne Tape Recorder, Printed Circuitry, Digital 
Techniques, Analog Computers, and Redstone Particle Accelerator. 








ebleaste-s 





oo bo Ss 





) (3) eo) 


ay * 
. AIT TTS " 
OO s05,,. 188 ‘é 


Da 


ANOTHER FIRST FOR EAI 
AN ELECTRONIC DIGITAL VOLTMETER 


The new electronic Digital Voltmeter, Model 26-26B from Electronic Associ- 
ates, Inc., enables readouts at speeds formerly thought impossible. 


A unique transistorized digital comparator converts analog inputs to the 
binary coded decimal system in an average time of .005 seconds. Delays in 
readout time are reduced by a factor of 100. Readout accuracy is maintained 
at 0.01 Volts. 


These advances are made possible because of this Digital Voltmeter’s com- 
pletely electronic and transistorized design. The progressive measuring and 
digitizing circuitry requires no moving parts at all. This results in ex- 
treme speeds, noiseless operation, and the greatest reliability. 


The Digital Voltmeter is another first in EAI’s Program of PACE. For com- 
plete details on this, and on any of the Computation Centers maintained by 
Electronic Associates, Inc. in Princeton, N. J., Los Angeles, California, or 
Brussels, Belgium, write to: Electronic Associates, Inc., Long Branch, New 
Jersey, Dept. MA-6. 
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In This Issue 


We introduce new techniques applied in air-contro] 
display by the “Charactron” shaped beam principle; 
significant Army advances in automation and min. 
iaturization are pictorally presented; and we report 
on the Armed Forces Communications and Electronics 
Association annual meeting in Washington. We are 
also proud to reveal that leading Armed Forces tech. 
nical liaison personnel met and cordially welcomed 
the staff of Military Automation magazine at a re. 
ception, as reported on page 128. 


In this issue we also begin a series of tutorial 
articles on servos. This series will provide the same 
treatment for an important family of control devices 
that we are accomplishing in “Digital Techniques” and 
“Printed Circuitry.” Our “Analog Computer” series is 
continued in this issue with an analysis. of the economic 
factors related to analog computer applications. 


Featurettes cover cooperation between the research 
agencies of the Services (“Unified R & D”), spin 
stabilization of rockets by solid propellants, tempera- 
ture monitoring by a simple tape-on resistor, a new 
Loran-type development called CYTAC, the new Van 
de Graaff accelerator at Army’s Redstone Research 
and Development Center, the use of missile-borne tape 
recording in missile testing, and some test details of 
the first specification for power transistors authorized 


by the Signal Corps. 


In this issue we follow a reader’s suggestion that we 
sandwich short articles between the principal feature 
articles so that those who wish to file clippings will 
not need to sacrifice a major article. 


MA “Subscriptions” 


Military Automation is mailed without charge to 
qualified applicants who follow the instructions pro- 
vided on page 122, at their business addresses. No 
mailings outside the United States, except to military 
post office numbers, will be made. Back copies can- 
not be furnished, and articles will not be reprinted 
except in orders for 100 or more, for which the actual 
cost of reprinting will be charged. 


Mailing may be made to a military billet address in 
lieu of a name, if the application form is signed by 
or at the direction of the commanding officer of 
the activity. A description of the billet duties must be 
given to assue circulation auditors that the recipient 
is a qualified addressee. Application forms, properly 
executed and signed, are equivalent to money payments 
for subscription type magazines, and your care in 
filling out the questions asked is respectfully requested. 
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for waveform 
analysis... 





there’s nothing like 


FOR FLEXIBILITY 
Re 


FOR HIGH RESOLUTION 
PANORAMIC’S SUB-SONIC 
Waveform ANALYZER LF-2 


2250 cps. No rigid frequency segments here! The LF-2's scan 
range selector provides 6 different scan widths which 
may be centered at almost any point of the instru- 
megt's frequency range with the variable center fre- 
quency control. Check the table below. 





The LF-2 is a hetero- 
one type analyzer 
which automatically 
presents a permanent 
paper recording of the 


The LF-2 is used for 
vibration and sound 
analysis of large 
structures or devices 
in which members ro- 
tate or oscillate at 
approximately the 
same or multiples of 
the same rate 

® acoustics © noise 
analysis © servo 
analysis ¢ geophysical 
investigations ¢ med- 
ical studies © general 
low frequency wave- 
form investigations. 


A maximum resolution of 1/10 cps! The LF-2's range 
of scan intervals and sweepwidths make possible ex- 
ceptional resolution. Check the table below. 


Definitive amplitude! The LF-2's dual amplitude 
scales—20 db linear and 40 db log—permit a broad 
range of comparative analyses. 














Linear 
b lyzi - Scan Cps Resolution at Scan intervals of 
form content— Seen Range widths 
obtained through con- (cps) 10 sec.* 2 min. 16 min. 
verting any given 
parameter into electri- 500 12 3.5 1.5 
cal energy by means 100 6 & 0.75 
of a sensing device 20 3 0.7 0.5 
such ps a microphone 
or other transducer— 
Coen io | = | os | os 

letect defects, 4 t 

check variations, 2 ; 0.7 0.18 0.1 























make adjustments, 
test production, 


*Useable only with external oscilloscope. 
improve design 


Yes, there's nothing like the LF-2. Complex? Not at 

all! It's as simple as this: 

1. For a quick overall look, set dials for maximum scan 
width and short scan interval. 

2. Select area of interest. 

3. Select scan width and scan interval for detail and 
degree of resolution desired. (The narrower the 
scan width, the longer the scan interval, the higher 
the resolution.) 

\ 4. Result—a quickly obtained, accurate, detailed, re- 

cording of waveform content. 


PANORAMIC 


RADIO PRODUCTS, inc. 











the pioneer 


Investigate this VERSATILE TOOL today. 
There's a Panoramic Spectrum Analyzer 
(Sub-Sonic through Microwave) to meet 
every need! A Panoramic Application En- 
gineer is always available to discuss spe- 
cific problems. Write, wire or phone 


PANORAMIC RADIO PRODUCTS, INC. 


15-19 S. 2nd Av., Mt. Vernon, N. Y. 


MOunt Vernon 4-3970 
Cables: Panoramic, Mount Vernon, N. Y. State 
For more information circle 2 on inquiry card. 















Locates 
Measures 
Corrects 


Detailed information is in 
Instrument Data Sheet 211, 
available upon request to 
Technical Literature Sec- 
tion. 


DYNAM 


DYNAMIC 


BALANCER 








Even miniature missile type gyro rotors 
can be balanced in 6 to 10 minutes with 
the DECKER DYNAMIC BALANCER. And 

ultimate balance is generally limited only 


by the quality of the rotor bearings. 


Designed specifically for high speed 
rotors requiring maximum possible 
precision of balance, the Model 211 
Dynamic Balancer is capable of handling 
any rotor which may be electrically 


driven at 10,500 rpm or higher. 





, The Balancer offers, on a single portable 
y chassis, everything needed for precision 
dynamic balancing. Included are the 

necessary equipment for rotor mounting, 

measurement, and location of unbalance, 

plus a precise metered automatic drill 


for unbalance correction. 


DECKER AVIATIO 








IC UNBALANCE 


of miniature 
high speed 
gyro rotors 





” 
without removing the 


rotor from the mount 
@ Maintains laboratory type pre- 
cision balance on a production 


basis 


@ Does not require a skilled 


technician 


@ Automatic marking of point of 


unbalance 


@ Drilling performed without re- 


moving rotor. 


®@ Precise indication of degree of 


unbalance 
@ Automatic speed control 
@ Rapid run up to proper speed 


@ Completely self contained and 
portable (11 x 15” x 21”) 


@ Rapid work change over 


N CORPORATION 


Philadelphia, 25 . | 
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In Preparation 


Our July-August issue will appropriately focus atten- 
tion on the WESCON SHOW by featuring a special 
section of new products which will be unveiled by 
manufacturers at that convention. 

Our next issue also will feature material on Radio- 
metric Inertial Navigation, a survey of Air Traffic 
Display Systems, Automation applied to the Duplica- 
tion and Filing of Engineering Drawings by the 
Armed Services, and a guest editorial by an Army 
scientist on Research and Development Programs. We 
shall also continue development of Servomechanisms, 
Large Digital Computer applications, and Printed Cir- 
cuit Technique articles. 

Other articles in preparation for future issues con- 
cern firecontrol developments, scatter communications, 
UHF measurements, wind tunnel instrumentation, 
travelling-wave, backward-wave, and Klystron tube 
applications; analog and digital computers in military 





systems research, automatic assembly of electronic 
quipment, radiac measurements, electronic systems 
testing, and automation in the Reserve Fleet. In re- 
sponse to reader requests we are also working on an 
explanation of the Military Specifications and Stand- 
ardization Programs. 


Definitions 


SHORAN Shortrange Navigation for precision posi- 
tion finding. Signals from an omnidirectional air- 
borne radar trigger two ground-based transponder 
beacons, thus providing a fix based on two accurate 
ranges. 





CBM Intercontinental Ballistic Missile 


RBM Intermediate Range Ballistic Missile—approx- 
imately 1500-mile maximum range. 


allistic Missile. Any missile guided especially in 
the upward part of its trajectory but becoming a 
free-falling body in the latter stage of its flight 
through the atmosphere. 


ME Distance-measuring equipment 


ommand-guided Missile. A missile guided by a 
system requiring one radar to watch the target, the 
other to track the missile. A computer combines 
the data from each radar to give flight directions 
to the missile. 


TAC Tactical Air Command, U, S. Air Force. 


TaeAN Tactical Air Navigation 





Beam-riding Missile. A missile guided by a system 
in which the missile rides along a beam, usually a 
radar signal, to its target. Control is usually ex- 
ercised over the missile while in flight by motion 
of the beam while it is also tracking the target. 
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Important Question No. I 


ho produces more 
custom-built delay lines 
than any other 
company in America? 








CORPORATION 








’ 


Via \st in sales! 


Uae 


ty Ylttin , 
Vis Ist company devoted exclusively to the 


manufacture of delay lines! 


Wade Ist in research, design and development 


of custom-built delay lines! 





Exceptional employment opportunities for engineers experienced in pulse techniques. 


f4 





we BE EE 


CORPORATION 564 BERGEN BOULEVARD - PALISADES PARK - NEW JERSEY 
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Now 2 standard line 


POWERSTAT 


VARIABLE TRANSFORMERS for 
HIGH FREQUENCY APPLICATIONS ~ 






— % the weight — ‘2 the size of 60 cycle units 


Designed for use in high frequency control systems where weight 
and space must be minimized, these POWERSTATS are ideal for ship, 
aircraft, guided missile and other 400/800 cycle applications. 


Listed are some of the standard line of POWERSTATS for high fre- 
quency applications. However, many high frequency requirements 
necessitate designing to individual needs. The Superior Electric Com- 
pany will be pleased to work with you on the design of POWERSTATS 
to satisfy new or unusual needs. 

















INPUT OUTPUT MANUALLY-OPERATED MODELS MOTOR-DRIVEN MODELS 
FRE- APPROX. SPEED | APPROX. 
UENCY MAX. WEIGHT OF WEIGHT 
YCLES IMUM |MAX-| — TYPE METHOD | (POUNDS) STANDARD | TRAVEL| (POUNDS) 
PER AM. M| OF CON- SHIP- MOTOR- SHIP- 
VOLTS] SECOND | VOLTS | PERES | KVA | STRUCTION “TYPE «=| TURNING | NET | Pine TYPE DRIVES | SECONDS] NET | PING 
SINGLE PHASE 





28 | 400/800 20 056 


Open 


OM1HMSO3U 28 Volt 0-C I 5.1 
AMIHMSO3U . 5.1 


OM1HMSO7U 
AMIHMSOTU 


28 Volt D-C 6.1 


120 Volt A-C, \ 6.1 
400 Cycles 
28 Volt 0-C 16.2 


16.2 
Cycles 


28 Voit 0-C 6.1 


120 Volt A-C, 60 ‘ 6.1 
400 Cycles 


2HMSO3UK 
Square 
Frame 


120 Voit A-C, 
400 Cycles 


176 






































THREE PHASE 
240 | 400/800 6-20 or 30 715 Open 2HMSO3UK-3¥| Knob 76 8.5 | OM2HMSO3U-3Y | 28 Voit D-C 60 93 | 105 
AM2HMSO3U-3Y | 120 Volt A-C, 60 93 | 105 
400 Cycles 
240 | 400/800 6-200 or 75 136 Open 2HMSOTUK-3¥| Knob 10.6 | 11.6 | DM2HMSO7U-3Y | 28 Volt D-C 60 123 | 136 
AM2HMS07U-3Y 120 Volt A-C, 60 123 | 136 
400 Cycles 
240 | 400/800 oa or} 150 | 7.3 Gpen 2HL15UK-3Y Knob 3445 | 41.0 | OM2WL1SU-3Y 28 Volt D-C 60 38.0 | 45.0 
AM2HL15U-3Y 120 Volt A-C, 60 38.0 | 45.0 
400 Cycles 
480 | 400/800 9-800 or 30 [29 Open 4HMSO3UK-3Y} Knob 10.6 | 11.6 | OM4HMSO3U-3¥ | 28 Volt D-C 60 12.3 | 136 
AM4HMSO3U-3Y | 120 Volt A-C, 60 12.3 | 136 
400 Cycles 
480 | 400/800 oe or 90 [87 Open 4HLOSUK-3Y Knob 39.0 | 45.5 | DM4HLOSU-3Y 28 Voit D-C 60 425 | 49.5 
AM4HLO9U-3Y 120 Volt A-C, 60 425 | 495 
400 Cycles 

















































Be sure to see 
SUPERIOR ELECTRIC’S 
Mobile Display 
when it is in your area 


THE 


COMPANY 





——-—-—---—~~---~---- o— 
SUPERIOR ELECTRIC ~——_. 
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2306 BRADLEY AVENUE, BRISTOL, CONNECTICUT 
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We heartily thank each of the following who 
took time to congratulate us on our first issue. 


Editor, MA: 

I have just read your Vol. 1 Number 1 of MILI. 
TARY AUTOMATION. From the statement of the 
mission of this publication, as expressed by Com- 
mander C. O. Morrison, I feel that MILITARY AU.- 
TOMATION will serve as a valuable source of infor- 
mation for engineers connected with military elec- 
tronics. May I request that my name be placed on 
the mailing list to receive MILITARY AUTOMA. 
TION. 

Harold Rosenblum 
Head, Flight Trainer Branch 
U S Naval Training Device Center. 


Editor, MA: 

I would appreciate being placed on the mailing list 
of MILITARY AUTOMATION. | am particularly in- 
terested and pleased with the articles on Modern Digi- 
tal Techniques and the Analog Computer. 

Pierre M. Honnell, 
Professor of Electrical Engineering 
Washington University, 


| Editor, MA: 


Congratulations on your first issue of MILITARY 
AUTOMATION. Though the galleys you showed Ken 
Mabuchi and me looked good, the final article really 
came across with a bang. With best wishes for the 
success of your new venture. 

Henry Lazarr, 


Smith, Winters, Mabuchi, Inc. 


The foregoing letters of congratulation arrived 
too late for inclusion in our second issue. Thanks 
very much for your kind wishes. Your requests have 
been relayed to our circulation department. 


Editor, MA: 


I have been actively engaged in electronics since 
1937 and have been in my present position as elec- 
tronics instructor in North American Aviation’s in- 
dustrial training school for nine years. I have the 
privilege of being on your mailing list for MILITARY 
AUTOMATION and I would like to congratulate you 
on the modern, up-to-the-minute, useful, informative 
publication you are editing. The information contained 
in the first issue is extremely valuable to me in my 
duties. Please correct my address as given below to 
preclude any possibility of misdirecting future copies. 

Thank you very much for including me in your files. 

Charles G. King 
Electronics Instructor 
North American Aviation, Inc. 


Thanks very much for the encouragement. Keep 
us informed of which articles you find of most value 


MILITARY AUTOMATIO 
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in your classes. Also, we will welcome your sugges- 
tions on other topics you would like to have treated. 
We have our ideas, as set forth under heading “In 
Preparation,’ but they are constantly being modi- 
fied to be in line with the greatest need for infor- 
mation, as suggested by our readers. 


Editor, MA: 


| was favorably impressed by both the appearance 
and content of MILITARY AUTOMATION. | concur 
with your comments on the need for this type of publi- 
cation and believe that you are accomplishing your 
mission as stated in your editorial. From the technical 
reproduction standpoint it is a fine job. The type is 
clear and very readable and the illustrations are good. 
The articles are well written and the pictures appro- 
priate. | am certain that this new publication will be 
well received. 

I do not care for the 11-inch page width instead of 
the usual 8 inch. Its larger size makes it a bit awk- 
ward to handle. The excess width necessitates fold- 
ing the magazine for mailing, resulting in a more or 
less permanent crease down the center of the page. This 
detracts from the readability of the center column. 
The magazine must again be folded in order to route 
it, since it will not fit into the desk incoming or out- 
going basket. Also it will not fit into the ordinary fil- 
ing cabinet drawer or bookshelf without folding or 
overhang, creating a storage problem. One additional 
item on format—Some of the advertising at first glance 
is not readily distinguishable from the articles. 

I liked the combination of long articles with the 
shorter ones interspersed among them. The basic the- 
ory articles are very good. It might be a good idea to 
save the plates and reprint the series in booklet form 
at some future date. The articles on “Dynamic Aero- 
Ballistics” | thought was a bit too detailed for the type 
of publication you are trying to achieve. I realize that 
it is difficult to get a spread of good items for the 
first issue, but I thought that too many.of them re- 
volved around aviation, particularly Naval Aviation. 
I counted two major articles, five minor, and the 
“Bio-Bit.” 

Most of your “Regular Features” are very good. I 
would, however, suggest the deletion of one and the 
possible addition of another. “MA Contracts” is good 
only if it is timely. This is difficult to accomplish in 
a bi-monthly. The additional feature that might be 
given some consideration is a digest of articles perti- 
nent to military automation appearing in other peri- 
odicals. This might also be expanded to include book 
reviews. 

Best wishes for success in your new endeavor. 


Arthur Goldsmith, CDR, USNR 
District Reserve Electronics 


Program Officer, 12th ND. 


Thanks very much for your good and carefully 
considered comments. Your many kind words are 
appreciated greatly. Your reaction on the king- 
size width has many points from which we can profit, 
such as the wrapping for mailing which probably 
can be improved. Subsequent handling problems 
are beyond us, and are one of the penalties which 
we must pay. The reason for the new format is, of 
course, the same as for the larger, longer car models 
—namely, the opportunity to make a more striking 
visual presentation of material! 

The optimum technical level may always be diffi- 
cult to gage. While you found "Dynamic Aerobal- 
listics" too detailed, such details are desired by 
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many readers who are in some type of dynamic 
testing laboratory. A good balance over a period 
of months between the various services, and branch- 
es within services, is our present goal. We concur in 
your appraisal of the "Contracts," and in your sug- 
gestion that articles and books of interest be ab- 
stracted for our readers. Articles from foreign 
technical sources, particularly the excellent British 
Communications and Electronics, should be of in- 
terest to military readers. We appreciate your ideas 
and your encouragement. Thanks a lot. 


Editor, MA: 


Have read your new publication carefully from 
cover to cover and found it very interesting—far su- 
perior to what I had anticipated. I am sure that if 
your quality can be maintained you will have a much 
desired magazine. The articles were very well written 
and the subjects were well chosen to be of interest to 
all electronics people. One of the things I have noticed 
concerning publications that are advertiser sponsored 
is that many publisher’s first volumes have a good 
balance between articles and advertising but soon 
afterwards the over-all quality degenerates towards 
all advertising. I hope this will not happen to MILI- 
TARY AUTOMATION. Am sure as time goes on good 
material will become increasingly difficult to find, but 
then it will be up to you to dig deeper. Your goals are 
well taken and important. 

Am looking forward to receiving future copies of 


MILITARY AUTOMATION. 


Richard D. Cooper 
Philco TechRep, METU-9 


Thanks for the sobering thoughts, Dick. | am 
going to post your letter on my office bulkhead 
where | can see it frequently. The preparation of 
instructive articles does take much more time, but 
the number of subjects to be treated in this fashion 
now seems inexhaustible. Fortunately, we have many 
capable writers either in the armed services or 
identified with suppliers of military equipment who 
will help us. The number of new developments or 
extensions of older principles into new applications 
is continually growing, and our goals stated in our 
first issue will probably be there to shoot at for 
some time. 


Editor, MA: 
The first issue of MILITARY AUTOMATION 


looked very good, and you are all to be congratulated. 

At least Instruments Publishing Company now is the 

only one publishing three magazines with three differ- 

ent sizes—standard, square, and tabloid. You must 

have a lot of fun trying to stack them on your desk. 
George H. West 


Consolidated Electrodynamics Corp. 
You name it; we have it! 
Editor, MA: 


Can you advise who manufactures apparatus to per- 
form a static load test as per Section 4.3.2.3.1. of Mili- 
tary Specification MIL-P-116B? 

M. B. Kanter 
Andrew Technical Supply 
1543 W. Morse Ave. 
Chicago 26, Til. 
Sorry, we do not have this information, but hope 
that some of our readers will pass you the word. 





BRISTOL remote 
positioning 
system has 

inherent 
fail-safety 


The new Bristol Model 702. 
Remote Positioning System consists 
basically of a transmitter, amplifier, © 
and receiver available in an ex- 
tremely large number of variations 
representing the biggest selection of 
components and options available in 
any such system. The key features : 
High basic reliability is built into 
the Bristol Remote Positioning Sys- 
tem through : 

1. The use of premium quality 


TYPICAL 
TRANSMITTER 





AMPLIFIER AND RACK 


parts 

2. The liberal application of safety 
factors in electrical and me- 
chanical design 

8. The avoidance of critical value 
requirements (to reduce aging 





and drift failures ) sail 
4. Complete environmental an 
quality control testing. a RECEIVER 
inherent fail-safety: While the Bris- 
tol Remote Positioning System is as § 


reliable as it is possible to make it, 
in addition, it is designed for fail- 
safe operation to give you the surest, 
safest positioning system available. 
In the event of breaking, short cir- 
cuiting, grounding, or any combina- 
tion of these in the wires connecting 
the major components, or in the 
event of any statistically reasonable 
failure or combination of failures of 
any. parts in the amplifier, the sys- 
tem will either continue to give a 
satisfactory degree of control, or the 
output shaft will remain in position. 
This fail-safety is built-in—not produced by auxiliary devices. 
Accuracy is independent of load. 


Operates from rotary or linear input; provides rotary or linear 
output. Any combination of input and output types can be used. 


Power supply options— Amplifier and receiver power supplies 
need not be identical. Amplifier requires a single power supply 
—400 cps—low power drain—15 va. Receiver may operate on 
practically any available supply—a-c or d-c. 
Wide variety of options—includes manual and transducer trans- 
mitters in many forms—manual over-ride provisions —inching 
control—and remote position indication—are only a few of the 
available options. 

‘Write for complete data. The Bristol Company, 174 Bristol 
Road, Waterbury 20, Conn. 6.85 


| RISTOL FINE PRECISION INSTRUMENTS 
| FOR OVER 68 YEARS 
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IT’S IDEAL 


for airborne applications 
like power plant control, 
secondary flight-control 
surfaces, propeller pitch 
control, valve operation, 
and nose-wheel steering, 
and also for ground uses 
like engine test cell con- 
trols and remote manipu- 
lation of apparatus in ra- 
dioactive locations. 




















- =" "T="—"] | The AFCEA Convention 





for 


Introduced by the convention slogan: “Marconi t« 
Mars,” papers presented by speakers at the technica 
sessions of the Armed Forces Communications and 
" Electronics Association National Convention (May 20 al 
22) at the Sheraton-Park Hotel in Washington, D. C. 
covered problems in missile testing, Vanguard tele and 


metering, data transmission and processing, air traffic 
control and conservation of the radio-frequency spec- 
trum through single-sideband, multiplexing, and nar- 
row-band transmission techniques. A symposium on 
scatter propagation was moderated by RADM Joseph 
N. Wenger, JCS. 

RADM Frederick R. Furth, USN-Ret. was elected 
President of the Association, succeeding Col. Percy G. 
Black, USA-Ret., Assistant Vice President, Automatic 
Electric Company. Admiral Furth was awarded the 

| Legion of Merit for his contributions to Naval Elec- 
tronics during World War II. He later served as Direc- 
| tor, Naval Research Laboratory, and as Chief of Naval 
Research. Placed on the retired list at his own request 
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SALES MANAGERS: You route this memo— 


to your ad department and agency—reminding them to plan now | 
to advertise in the 1958 1&A Handbook & Buyers’ Guide | 





conta 
and 1 
the t 
appli 
forme 
with 
circu 


Industry's only instrument-control equipment 
buying directory, the Guide offers you... 





sia as tt =sss- 





‘ Entree to 23,000 buyers of instrument and auto- 


matic control equipment. List | 








h A directory listing equipment, names and ad- 


dresess of 3,000 manutectwers. RADM F. R. Furth, USN-Ret., Elected President 


/, ] of Armed Forces Communications and Electronics al 

Association for 1957. 

x Twenty-two years experience selling to OEM and 
end users. 





— em . 


1 Jan. 1956, he joined the staff of the International nn 
Telephone Telegraph Co., first with Farnsworth Elec- oe 
tronics Co., and on 1 March 1957 as Deputy Director  § 5235 py 
of Research and Development, I.T.&T. Co., New York. | Please | 
Admiral Furth, in an interview with CDR Morrison —  [ensfor 


PUBLICATION 
DATE 






4 Year ‘round contact with industry's big buyers. 







Ht eer $189.50 
}/ of MA, spoke of the recent growth of the Association 
Reserve your ad space now. Forms close August 15-3!—write: OCTOBER 1957 Hi} and stated that plans were being made for further ex- ||” 
YY] pansion of both group and individual memberships. }NAME_ 


yi] He stressed the purpose of the Association as to bring [compan 
industry and the military together on a partnership 


INSTRUMENTS PUBLISHING CO., INC. . 








845 Ridge Ave., Pittsburgh 12, Pa., FAirfax 1-0161 | basis for a solution of the mutual problems of national meonese 
Pas | defense. ciry_ 
126 MILITARY AUTOMATION§™ "° 


ay-Ji 








- 





nt 
cs 


mal 
lec- 
stor 
ork. 
son 
Hion 

ex- 
‘ips. 
ring 
ship 
onal 





for the development 
of reliable 
automatic control 
and computing devices 





ATCOTRAN 
DIFFERENTIAL TRANSFORMER 


EXPERIMENTAL KIT 


The research engineer can set 
up and operate seven different 
standard differential transfor- 
mers... coils, armatures, and 
shafts...to convert precise 
variations in position to a pro- 
portional electrical signal. 
Range covers from + .O01” to 
+ 2.5”. Flexure plate and 
clamp, which positions coils, 
and demodulator are included. 


Kit also contains 32-page 
TRANSDUCER HANDBOOK 
containing the most complete 
and up-to-date information on 
the theory, development, and 
application of differential trans- 
formers. Profusely illustrated 
with charts, drawings and 
circuits. 

List price of Kit contents is 


7 $324.00. Introduc- 
tory offer... 


only #18950 


Order your Atcotran 

Experimental Kit 
® 

today. 


SUBSIDIARY OF SAFETY INDUSTRIES, INC. 

5235 Pulaski Avenue, Phila. 44, Pa. 
Please send me an Atcotran Differential 
Transformer Experimental Kit and invoice 
$189.50 against our purchase order 

No. 





NAME 





AUTOMATIC TEMPERATURE CONTROL, INC. 





COMPANY. 





ADDRESS 








City STATE 
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Other officers elected are: 
chynski, USAF, Director of Communications, First 
Vice President; Maj. Gen James D. O’Connell, USA, 
Chief Signal Officer, Second Vice-President; RAdm 
Henry C. Bruton, USN, Director, Naval Communica- 
tions, Third Vice-President; Col. Joseph E. Heinrich, 
USAR, Staff Supervisor, Long Lines Department, 
A.T.& T. Co., Fourth Vice-President; Col. John E. R. 
Howland, USA-Ret., General Sales Manager, Dage 
Television Div., Thompson Products, Inc., Fifth Vice- 


Maj. Gen Alvin L. Pa- 


President. 

Among the exhibits. scatter propagation equipment. 
new facsimile techniques and air-traffic control and 
display systems were of particular interest. Single- 
sideband systems vied with a synchronous-detection 
double-sideband method of establishing reliability in 
airborne and land-based communications. For the vis- 
itor who wished to thoroughly explore the exhibits. 
the relatively uncrowded show was a relief from the 
congestion of larger conventions. 





Dit-Mco Tester used by Westinghouse 


In our March-April issue, a cable-harness check- 
er (reproduced below) was shown in the feature arti- 
cle “Component-Test Automation”. Readers have asked 


about the identity of this machine. It is a DIT-MCO 
Model 200 circuit analyzer. 
Meco, Inc., 
City, Mo. 


manufactured by Dit- 


Electronics Div., 911 Broadway, Kansas 





DIT-MCO Model 200 CIRCUIT ANALYZER finds 


cable harness faults at Westinghouse Air Arm. 


A novel method is used on the check sheet shown 
on the machine being demonstrated. Any cable fault 
will light two lamps on the checker—one lamp in the 
row across the top of the chart and one along the 
left edge of the chart. This indicates a single square 
on the chart, at the intersection of the vertical file and 
the horizontal row signalled by the lights. A quick 
check pencilled in this square is sufficient to indi- 
cate the nature of the fault to the repairman, who can 
make the repair and return the cable for retest with 
a minimum of lost time. Multiplier sections can extend 
the capacity of the Model 200 from 200 circuits up to 
1600 circuits. 
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New CPI theyrial switch iS 
Lighe 


342 








ahd Lively 








This new lightweight (weighs less 
than one ounce) thermal switch features an 
operating differential of plus or minus only 
one degree with extremely fast response. 


With an effective calibration tem- 
perature rating from —20°F +1000°F, 
it will even operate accurately 
when subjected to momentary 
undershoots to —80°F and 
overshoots to as high as 2000°F. 


Wherever fast-acting, sensitive, 
thermally responsive regulation is required 
_ for control of dangerously high or 
low temperatures, this ‘‘LIGHT and 
LIVELY” switch will do the job 
accurately, dependably. 






Ask about these CPI switches, too. 


Plug-stat 
versatile 
thermal switch 








Hermetically sealed 
fire detector 


type 








Thermal switch’ 
for temperatures 
to 1200 °F 





Ask our representative to tell you how CPI 
can help you solve your temperature control 
problem—and remember—when temperatures 
are high (or low) you can depend on CPI. 
Write for complete engineering data. 
Ask for catalog MA. 


Cartiol products, i inc. 
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UAC tubeless 
DC to AC Converters 


replace bulky dynamofors 


and inefficient 
vibrator power supplies 





s 


e COMPLETELY TRANSISTORIZED 
e COMPACT —as little as 
% cu. in. per VA. 
e LIGHTWEIGHT —as little as 2 ounce per VA. 
e RUGGED — withstand in excess of 100 G's 


CAN BE MADE 
TO MEET MIL SPECS 


UAC high efficiency power supplies solve size, 
weight, vibration and shock problems in hundreds of 
mobile and aircraft applications. Efficiency over 90%; 
temperature stability from —55°C to 100°C can be 
achieved. 400 cps. and 1000 cps. both available. 
Standard DC to AC units to 250 VA; 

custom units to 2 KVA. 

DC to DC and AC to DC units also available, 
including unusual input-output combinations such as 
28 VDC input, 115 VAC output; 115 VAC, 400 cps, 
3 phase input; 250 VDC regulated output. 


TYPICAL STANDARDS From 24 to 28 VDC Input 


Output Current List 











Medel No. Power Voltage Amps. Cose Size (inches) Weight Price 
10VA/50-400 10VA 50-400 CPS .2 3%,x2'%x4%, 2 Ibs. $200.00 
10VA/115-400 10VA 115-400 CPS .1 3%,x2"%,x4%, 2 Ibs. 200.00 


100VA/50-1000 100VA 50-1000 CPS 2 3?%,x3"'s.x5%, 3% Ibs. 300.00 


‘100VA/115-1000 100VA 115-1000 CPS 1 3°%)x3"s,x5% 3% Ibs. 300.00 











Typical Frequency Curve. 


Frequency 


A SINGLE 

COMMERCIAL 
SOURCE FOR 
QUALITY 





20 22 2 ray 28 »” 
input Voltage 


WAC RMectronics 


A DIVISION OF 


Universal Transistor Products Corp. 
Dept. MA67+50 BOND STREET » WESTBURY, L. I., N. Y « EDgewood 3-3304 
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Military TLO’s Meet MA Editors 


A reception at the Sheraton Park Hotel, Washing- 
ton, D. C. May 23, provided an opportunity for tech- 
nical liaison officers from Armed Forces headquarters 
to make or renew their acquaintance with Commander 
Claude O. Morrison, Editor, and Major James Eden- 
Kilgour, USAF-Ret., Associate editor of Military Auto- 
mation. Guests were entertained at noon luncheon by 
Mr. Richard Rimbach, publisher. Brief talks on aims 
and plans for the new magazine were made by Mr. 
Milton Aronson, Editorial Director, and Commander 
Morrison. 





MILITARY AUTOMATION 
LUNCHEON at Sheraton Park Hotel 


The Guests were reminded that technical publica- 
tions are of two basic types—newsy versus educational. 
It was brought out that most available publications, 
particularly the newer ones, are primarily news re- 
porters, but that the much tougher job of basic ed- 
ucation in modern technologies was and is in great 
need—and that this is the important mission of Mil- 
itary Automation. The editorial approach and _phil- 
osophy of MA was described in detail to the luncheon 
guests. First and second issue copies were examined 
by the guests and many expressed their belief that 
MA will prove a unique and valuable instrument for 
intraservice and for service-to-industry instruction and 
liaison. 

Guests included: Captain E. T. Calahan, US Coast 
Guard; Colonel Maurice F. Casey, Information Service, 
Secretary of Air Force; Major John S. Chesebro, Of- 
fice of Information, US Army; Mr. E. Chewning, Of- 
fice, Secretary of Defense; Major John B. Finigan, 
Office of Information, Army Chief of Staff; LCDR 
Herbert H. Gimpel, USN, Office of Naval Information; 
Colonel J. G. Kelsey, Office of Chief Signal Officer; 
Lt. Col. Gerald P. Lerner, Office of Chief Signal Of- 


ficer; Dr. O. W. Margrave, Navy Training Publica. 
tions Center; Mr. Benton H. Schaub, Office, Secretary 
of Defense, and Dr. Harold A. Wooster, Air Force 
Office of Scientific Research. 

Other guests who met the editors at cocktails in the 
afternoon were: Mr. Oliver B. Bragg, Bureau of Ships; 
Mr. Charles Garland, Office, Chief of Naval Opera. 
tions; Mr. Harry S. Cook, HQ U.S. Air Force; Mr, 
J. J. Hession, Bureau of Naval Personnel; Mr. John 
M. Hetrick, Air Force Office of Scientific Research, 
Captain and Mrs. M. E. Jansson, Naval Research 
Laboratory; Dr. Karl F. Oerlein, Armed Forces Spe- 
cial Weapons Project; Colonel R. P. Rosengren, Of.- 
fice of the Chief of Engineers, DA; Mr. James Sunder- 
man and Lieutenant James Perkins, Air Force Infor. 
mation Service; Colonel Daniel Parker, Office of the 
Chief of Information, DA; Professor Benjamin H. 
Williams, Industrial College of the Armed Forces; and 
Mr. Preble Stover, CAA, Dept. of Commerce. 


Major Eden-Kilgour, USAF-Ret. 
Appointed Associate Editor MA 


Tce 





Major James Eden-Kilgour, USAF Retired, has the 
distinction of having been recalled to active duty four 
times since World War II. His experience has included 
extensive operations in administration of Air Force air- 
control centers, Air Force and Army communications, 
Airborne Electronics and aircraft control and warning 
groups overseas. He was responsible for the prepara- 
tion of radio and radar service procedure publications 
for the Air Force, including technical manual prepara- 
tion for certain equipments. This experience, and ac- 
quaintance with his many service friends particularly 
fit him for his new editorial duties. 





MILITARY AUTOMATION 
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The Wescon Show 


A RICH fare of 225 technical papers in 48 ses- 
sions will be offered conventioneers at the San Fran- 
cisco Cow Palace from August 20 to 23. These 
papers were selected from an unprecedented 552 
abstracts offered, according to Mr. Dean A. Wat- 
kins, chairman of the Technical Program Com- 
mittee. Simultaneous sessions in six 400-person ca- 
pacity meeting rooms will ensure easy accessibility 
between sessions and the exhibits. It may also 
provide standing room only for latecomers attracted 
to subjects of greatest interest. Only one special 
night session, at the Fairmont Hotel on “Controlled 
Fusion Research” will be held away from the Cow 
Palace. 

Military equipment and applications are expected 
to predominate at the WESCON as at the National 
IRE show in New York. Military Automation mag- 
azine will be represented in the Instruments Pub- 
lishing Co. booth, No. 612. More details on the 


show will be given in our next issue. 





Spin Stabilized 


OLID-PROPELLANT rockets will spin and 
“ separate the third stage of the Project VAN- 
GUARD satellite launching vehicle. The spin- 
ning step is carried out while the third stage assem- 
bly is still attached to the second-stage rocket shell. 








I. Auxitiary Rocxet Motor 
IMPARTING STABILIZING SPIN. 









S|R_J?JR_OA. Au xiuiary Rocket Motor retracting 
SECOND STAGE SHELL FROM SPINNING THIRD 
STAGE WITH ITS SATELLITE PAYLOAD. 





FUNCTIONS OF SATELLITE LAUNCHING SEQUENCE PERFORMED BY AUXILIARY ROCKETS | 


> I. SPIN STARTED 
Il. STAGES SEPARATED 







(COASTING) 
(2nd. STAGE BURNOUT) 
(Ist. STAGE BURNOUT) 






\— (3rd. STAGE IGNITION) 


<Q y 
7A Eartu 














TION 








| 
a 





Drawing courtesy Atlantic Research Corp. 


When the third-stage rocket is whirling at full 
speed (approximately 200 rpm), the retro motor 
auxiliary rockets will fire. Their firing will retard 
the flight of the second-stage shell, causing the 
third stage to move off its bed. When free of the 
second-stage shell, the spin-stabilized third-stage 
rocket motor ignites to begin the final power flight 
of the launching sequence. 
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simple as a desk calculator... 


Melolelololom 
Melelokokokom| 





combines advantages of both... and solves the 
problems “in-between,” at low cost and 

with big savings in technical man-hours. 
Pinboard programming — an exclusive feature 
of the E101 digital computer — can be mastered 
in six hours; familiar notations, no coding. 
That’s why more E101’s are at work than all 
other comparable computers combined, 
Immediate delivery; instant serviceability. As 
a test: send us one of your problems. We’ll 
program it, send your solution and proof of 
how we can serve. For demonstration, or 
descriptive booklet, write: 


ElectroData 


-B) Division of Burroughs Corporation 
with world-wide sales and service facilities 
460 Sierra Madre Villa 

Pasadena, California 
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It’s easy to multiply with 
PRE MMUN SR 


\ Heavy-Duty 


Cabinet Racks 
FOR MULTIPLE 
INSTALLATIONS 
18" AND 24" DEEP 


FOR 
STANDARD 
19” WIDE 
PANELS 

















SEND FOR 
CATALOG MA 


Each unit consists of 1 frame and 2 doors. 
3 panel space heights available — 6114", 70” and 77° 
Doors hinged for either left or right hand opening. 
Sides are detachable for multiple assembly. 

3/16” adjustable panel mounting angles. 

Finished in either Black or Gray wrinkle, Gray or Brown 
Hammertone. on 


JDIRIENVAINEIR, METAL PRODUCTS COMPANY 


337 MANIDA STREET e NEW YORK 59, NEW YORK 
Western Sales Office: 988 Market St., San Francisco 2, Calif. 
Phone: GRaystone 4-1069 





oO 
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Quality isa product of 


knowledge and craftsmanship 





Consult the pioneers in evaporated metal coatings 
for mirrors of unexcelled quality 


@ FIRST SURFACE MIRRORS 
With half-wave protection 


@ SEMI-TRANSPARENT MIRRORS 


Metallic and non-metallic 


@ BEAM SPLITTERS 


Nearly a quarter of a century of service to the 
optical industry 


Be sure to consult with us when you want to 
change the direction of light. Write to Dept. M 
for a folder describing Evaporated’s coatings. 


“EVAPORATED METAL FILMS CORP. 


Ithaca, New York 


7 
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The purpose of these short biographical sketches 
is to provide our readers with an insight into the 
lives of some of the military and scientific leaders 
now guiding the development of automation in the 
different branches of the U. S. Armed Forces. 

The growth of the importance of electronics in 
the Air Force can be traced by following the career 
of Colonel Gordon T. Gould, Jr., subject of this is- 
sue'’s Bio-Bit and Director of the Communications 
and Electronics Directorate of USAF's chief re- 
search agency, the Air Research and Development 
Command. 





COLONEL GORDON T. GOULD, JR. 


When Colonel Gould graduated from the U. S. Mil- 
itary Academy in 1941 as a distinguished cadet, radar 
and other electronic fields were in their commercial 
and military infancy. It was at this time that Gould 
had his first assignment in the radar field. 

This new subject, radar, became new knowledge to 
Colonel Gould as he completed the Engineering 270 
course at Harvard in 1941. Although slated to attend 
the advanced radar course at M.I.T.. the Japanese 
attack on Pearl Harbor postponed this study. 

The military conflict developed an immediate need 
in the U, S. for trained radar crews. To achieve this, 
the Colonel was sent to the Third Interceptor Com- 
mand at Drew Field. Tampa, Florida, to establish a 
maintenance school for the SCR 268 and 270 radar 





sets. Although he had never seen a radar set, he 
learned as he taught the first group of students, and 
later wrote a textbook for the course. This school 
evolved into the huge Aircraft Warning Unit Training 
Center. 

This first assignment was typical of succeeding jobs 

matters of plunging into a new field and applying 
new electronic equipment to actual operating con- 
ditions. Subsequent assignments included planning and 
establishing radar installations along the Gulf Coast, 
improving air communications using VHF, establish- 
ing an air defense system to protect the B-29 bases 
in China, instituting a large radio broadcasting sys- 
tem also in China, planning and implementing com- 
munication and navigation facilities to airlift Chinese 
Nationalist troops into an area that had been occupied 
by the Japanese and performing the duties of the Chief 
of Staff of the Headquarters of the Airways and Air 
Communications Service, Washington, D. C. The latter 
job he performed so efficiently that he was presented 
with the Commendation Ribbon. For his work with 
the radio and radar systems in China, Colonel Gould 
received the coveted Legion of Merit and a comparable 
medal from the Chinese government. 


In 1948, Colonel Gould, already a veteran in the 
field of communications and electronics, started grad- 
uate work at the Massachusetts Institute of Technology. 
Although he had been away from formal education for 
some seven years, the Colonel met the high academic 
requirements of M.I.T. and received his masters degree 
in 1950 in electrical engineering. 

Following this he was assigned to ARDC’s Wright 
Air Development Center in the Electronic Sub-division. 
Here he was responsible for the development of drone 
guidance and instrumentation equipment, as well as 
associated ground support equipment for the atomic 
tests at Eniwetok. 

His next assignment kept him at WADC as Assistant 
Chief, and later Chief, of the Armament Laboratory. 
His contributions here resulted in an expanding rep- 
utation in electronic research and development. 

In the summer of 1953 he attended the Air War 
College and, upon graduation in 1954, became Chief 
of the Communications and Electronics Division of 


Headquarters ARDC. 


In this position Colonel Gould guides and directs 
the entire Air Force program in electronic research 
and development. He exercises direct supervision over 
development of electronic systems as they apply to 
radar. communication, and navigation devices. In ad- 
dition, he provides guidance for electronic systems 
as applied to air weapon systems and other Air Force 
fields. His work includes supervision of development 
of new and improved components for electronic sys- 
tems. 


A native of Mobile, Alabama, Colonel Gould is 
married to the former Lois Sameth of Glen Ridge, New 
Jersey. The Goulds have two children, Gordon T. 
Gould. III, age 14, and Beverly L., age 7. The Colonel 
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and family now live in Annapolis, Maryland, where 
they find relaxation in boating and water-skiing. 

However, much of his spare time is occupied in a 
typical “busman’s holiday” manner. Never able to say 
no. the Colonel finds himself solving the radio prob- 
lems of his many friends by helping repair their radio, 
television, and record sets. 

Mrs. Gould, typical of most officers’ wives, is very 

active in military affairs for the ladies. She is now 
president of the 500-member ARDC Officers Wives 
Club. 
Colonel Gould is a member of the M. I. T. chapter 
of the Sigma Xi Society and a Senior Member of the 
Institute of Radio Engineers. His professional group 
iemberships include being a member of the Board 
of Directors of the East Coast Conference of Aeronau- 
tical and Navigational Electronics and Vice-Chairman 
of the Administrative Committee of Military Elec- 
ronics. 

From teaching the use of the first radar sets to 
upervising developments relating to the complex 
AGE system of today, comprises 16 short but eventful 
years in both the life of Colonel Gordon T. Gould, 


r., and the evolution of military electronics. 


REORGANIZATION 


Reorganization of the Office of the Deputy Com- 
mander for Research and Development at Headquar- 
ers, Air Research and Development Command 
(ARDC) was effected on April 15, 1957. This gives 
he Deputy Commander closer control of the activities 
for which he is responsible by creating a direct line 
of communication between new Directorates and the 
Deputy Commander. The present organization of the 
Directorate of Research and the Directorate of Engi- 
peering will not be affected. 










nm 


The organization chart illustrates Col. Gould’s posi- 
tion in the new arrangement. 
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Where do you belong in IBM Military Products? 


Systems Design Engineer: Before his recent promotion, this man formu- 
lated advanced concepts of configuration, capabilities, and opera- 
tional features, and coordinated the design of radar, computer and 
inertial equipments for optimum integration as a system. Engineers 
interested in military systems, computers or servo applications will 
find opportunities in error analysis, ballistics, reliability, and electro- 
mechanical, servo and equipment interconnection design. Could. you 
handle his responsibilities? 


allenging jo 


Organized only 22 months ago, IBM Military Products 
Division has grown enormously, opening up opportuni- 
ties to engineers and scientists in all these fields: 


@ Circuit Development @ Mechanical Design 
@ Components @ Optics 

@ Cost Estimating @ = Physics 

@ Digital and Analog Systems @ Power Supplies 

@ = Electronic Packaging @ Programming 

@ = Electronics @ = Reliability 

@ Field Engineering @ Servo-mechanisms 
@ Heat Transfer @ Systems Planning 
@ Human Engineering and Analysis 

@ Inertial Guidance @ = Technical Publications 
@ = Installation @ Test Equipment 

@ Mathematics Transistors 


At the new plant and laboratory in Owego, N. Y., IBM 
designs and manufactures advanced airborne analog 
and digital computers for Air Force bombing-naviga- 
tional equipment. At the new Kingston, N. Y., facilities, 
IBM builds the world’s largest electronic computers for 
Project SAGE, part of our nation’s giant defense net. 


The electronic computer field offers one of the best 
ground-floor career opportunities today. Economic ex- 
perts rank the electronic computer in importance with 


DATA PROCESSING e 





ELECTRIC TYPEWRITERS 
SPECIAL ENGINEERING PRODUCTS ° 





Test Equipment Engineer: Also promoted recently, this man formerly 
developed test sets of advanced design, requiring precision electronic 
measuring circuits and mechanisms meeting military specifications. 
He started with specification requirements and carried designs through 
model testing by electronic and mechanical engineers. This activity 
includes application of servo-mechanisms, packaging of precision com- 
ponents, and liaison with sub-contractors in many fields. Could you 
handle his responsibilities? 


are now open! 


automation and nucleonics in growth potential. Sales at 
IBM, the recognized leader in the field, have doubled, 
on the average, every five years since 1930. Engineering 
laboratory personnel quintupled in the past five years. 
Future expansion plans offer even better opportunities. 
As a member of IBM Military Products, you enjoy the 
stability and security of the IBM Corporation, plus the 
opportunity to progress in any other IBM division. Pro- 
motions open up frequently from continuous growth. 
The “small group” approach assures recognition of in- 
dividual merit. Salaries are excellent and company bene- 
fits set standards for industry. 


For the facts about an engineering career 
with IBM Military Products Division, 
please write to: 
Mr. R. A. Whitehorne 
Mgr. of Engineering Recruitment, Dept. 9106 
International Business Machines Corp. 
590 Madison Avenue, New York 22, N. Y, 
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MILITARY PRODUCTS 
TIME EQUIPMENT 


Plants and laboratories: Endicott, Kingston, Owego, Poughkeepsie, N. Y.; Lexington, Ky.; Rochester, Minn.; San Jose, Calif, 
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Excerpts from important 
manufacturers’ literature 


Optical Glide Path Indicator 


As you complete your final approach you see a ball 
of light reflected from a mirror on the port side of the 
flight deck. Your job is to adjust your angle of ap- 
proach so that the ball of light appears in the center 
of the mirror. This assures you of a correct glide 
path. 

Glide path is perfect when the ball of light is dead 
center on the mirror. The absence of flashing red 
“Wave-off” lights on either side of the mirror assures 
you that the ship and its crew are ready. The mirror 
is automatically stabilized to compensate for the car- 
rier’s pitch and roll. 





As you level off and “flare out” the ball of light 
drops to the bottom of the mirror. In less than a 
second the tail hook will engage an arresting gear wire 
and another perfect landing will be logged for a well- 
trained Navy pilot aided by the optical glide path 
indicator. (From new 12-page Brochure DCS-6, Con- 
trol Instrument Co., Inc., Burroughs Corp., 6071 Sec- 
ond Ave., Detroit 32, Mich. 


For this literature circle 101 on inquiry card. 





Unified R & D 


A good example of what the services can do through 
coordinated effort is found in the joint program of 
the Office of Naval Research and the Army. A group 
of Army aviation projects that are now being han- 
dled by the Air Branch of ONR are of mutual benefit 
to both the Army and the Navy. Primarily, the proj- 
ects are those of the Army Transportation Corps, 
which has the responsibility for all Army aviation. 
Because the principal interests of the Army in avia- 
tion are reconnaissance and transport, the research 
and development projects managed by the Air Branch 
of ONR are aimed at a group of special problems in 
these fields. 
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Ultrasonic Delay Lines 


The delay line has three basic elements. The first 
of these, the transducer, is used to convert electrical 
energy into sound, and back again. Two transducers 
are usually used. 

Because quartz crystals are plentiful and can be 
readily manufactured up to 60 MC, these are preferred 
as transducers. 

The second element is the delay medium itself. The 
sound travels from one transducer to the other and 
the delay time is determined by the total path and the 
velocity of sound in the medium. Because there is a 
ratio of 1/200,000 between acoustic and electro-mag- 
netic waves, a great deal of compression in space is 
achieved. 

In multiple symmetry designs, many of the regular 
facets are tilted and it is then possible to have the 
sound beam strike the same points several times. Ac- 
tual paths of this type based on 15-sided polygon is 
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shown. This has been most widely used and in the 
1000-microsecond size can be cut from a 5.6” disc— 
4,” thick, weighing 1% lb. With a 15-me carrier, all 
secondaries will be 40 db below the main delay over a 
7-mce band width. (From new 4-page bulletin, Arenberg 
Ultrasonic Laboratory, Inc., 94 Green St., Jamaica 


Plain 30, Mass.) 


For this literature circle 102 on inquiry card 


D. A. R. T. 


The Daystrom Reactor Training Center is a nev 
program for reactor construction and training. To hel): 
overcome today’s critical shortage of trained nuclear 
engineers, reactor operators and instrument tech 
nicians, Daystrom, Inc., has established extensive new 
educational facilities at West Caldwell, N. J. Day 
strom’s center of specialized industrial training is de- 
signed to be a major force in implementing the Gov- 
ernment’s, much publicized, “Atoms for Peace” Pro. 
gram. 

An important adjunct to the D.A.R.T. (Daystrom 
Argonaut for Research and Training) Program of re- 
actor manufacture and operator training, is the use of 
a critical 10 kw research and training reactor, located 
on the premises, for practical student instruction and 
application. 





The D.A.R.T. Research Reactor 

Some of the experiments possible using the D.A.R.T. 
Reactor include: 

1. Pile oscillator measurements and danger coeffi- 
cient studies in the central thermal column. 

2. Exponential experiments at the top of the assem- 
bly with an available flux of 10". 

3. Critical mass determinations on the annular core. 


4. Fuel standardizations and instrument calibration 
experiments. 


5. The irradiation of fuel elements. 
6. Graphite reflected critical experiments. 
7. Mapping of microscopic flux in lattice cells. 


8. Measurements on thermal migration properties, 
shielding studies and exponential experiments. (From 
new 4-page bulletin, Daystrom Nuclear, Div. of Day- 
strom, Inc., P. O. Box 347, West Caldwell, N. J.) 


For this literature circle 103 on inquiry card. 





A great many of the projects recently undertaken 
by the Air Branch of ONR were supplied wholly or 
partly with funds by the Army Transportation Corps. 
Problems dealing with boundary-layer control, sta- 
bility and control are a few research areas in which 
ONR and Army interests coincide. 

Study projects being pursued under this arrange- 
ment include helicopter boundary-layer control, heli- 
copter design, and five projects on design and com- 
parison of vertical take-off-and-landing aircraft. One 
project includes development of the Flying Platform, 
which has now progressed to the testing stage. Al- 
though work on the Flying Platform was originated by 
ONR, it has created wide interest and is now sup- 
ported by the Army. 
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Interelectronics Inter- 
verter solid-state thyra- 
tron-like elements and 
magnetic components 
convert DC to any num- 
ber of voltage regulated 
or controlled frequency 
AC or filtered DC outputs 
from 1 to 1800 watts. 
Light weight, compact, 
90% or better conversion 
efficiency. 

Ultra-reliable in opera- 
tion, no moving parts, 
unharmed by shorting 
output or reversing input 
polarity. Complies with 
MIL specs for shock, ac- 
celeration, vibration, tem- 
perature, RF noise. 

Now in use in major 
missiles, powering tele- 
metering transmitters, ra- 
dar beacons, electronic 
equipment. Single and 
polyphase AC output 
units now power airborne 
and marine missile gyros, 
synchros, servos, mag- 
netic amplifiers. 

Interelectronics — first 
and most experienced in 
the DC input solid-state 
power supply field, pro- 
duces its own solid-state 
gating elements, all mag- 
netic components, has the 
most complete facilities 
and know-how—has de- 
signed and delivered 
more working KVA than 
any other firm! 

For complete engineer- 
ing data write Interelec- 
tronics today, or call 
LUdlow 4-6200 in N. Y. 


INTERELECTRONICS 
CORPORATION 


2432 GR. CONCOURSE, N. Y. 58, N. Y. 
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Volscan Eliminates “Stacking” 


VOLSCAN, a terminal air traffic control system, is 
today ready and able to convert a cloud of randomly 
arriving aircraft into an orderly, safe procession ready 
for landing . . . without the time-consuming and waste- 
ful expedient of “stacking.” 

Supersonic jets may require as much as a 50-mile 
long block of space for their terminal approach. A suc- 
cessful air traffic control system therefore must assign 
each incoming aircraft a “cube of space” which is re- 
served exclusively for its use. VOLSCAN automatically 
assigns the space, follows the aircraft as it moves with- 


in the cube, and brings it to an “entry gate” where | 


an existing and adequate Instrument Landing System 
or Ground Controlled Approach takes over. 

As the VOLSCAN radar sweeps the sky, an ap- 
proaching aircraft first appears as a “blip” on the 
Plan Position Indicator of the Operating Console. The 





Spotting the “blip.” 
“blip” is spotted with a light gun (See Pic) and im- 
mediately VOLSCAN’s electronic “brain and memory” 
go to work. The VOLSCAN memory unit, a part of 
the Automatic Tracking System, follows the plane as 
its “blip” moves on the radar screen. Meanwhile, an 
operator contacts the aircraft by radio and obtains 
additional information which is fed into the electronic 
scheduling and computer system. 

The analog computer is an electronic traffic man- 
ager which has stored up within it the correct answers 
to every possible landing approach problem that may 
arise. Since the computer actually has the answer be- 
fore the problem is submitted, it takes only a fraction 
of a second for it to compute the correct approach 
instructions . . . in effect, to assign a cube in space. 
Heading and altitude instructions are then delivered 
by radio to the pilot. 

As the pilot follows the instructions relayed from 
VOLSCAN, the automatic tracker follows the aircraft, 
feeding positional information to the computer. If 
the pilot does not obey a flight instruction, automatic 
adjustments are made in later instructions to compen- 
sate for this error, keeping him on schedule. (From 
new 4-page Brochure C-102, Avco Mfg. Corp., Crosley 
Div., 1329 Arlington St., Cincinnati 25, Ohio.) 
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KEARFOTT 
ANALOG-TO-DIGITAL 
CONVERTERS 
TRANSLATE SHAFT ROTATION 


INTO ELECTRICAL AND VISUAL 
DIGITAL FORM 


KEARFOTT DIRECT DRIVE ADAC 


is a shaft-positioned analog-to-digital device 


utilizing coded drums, interconnected by 


high-speed odometer type gearing to provide 


an electrical impulse representing shaft 
position. Available for a wide variety 
of capacities and codings. 


KEARFOTT MECHANICAL COUNTERS 
are used to provide precise visual 
presentations of angular position, latitude, 
longitude, or any information imparted by 
shaft rotation. Both types are designed 

to provide long life at maximum 

slewing speeds up to 1800 R.P.M. 


earfott 





A SUBSIDIARY OF a 


GENERAL PRECISION EQUIPMENT CORPORATION 





KEARFOTT LATITUDE COUNTER 








KEARFOTT ANGLE COUNTER 








KEARFOTT ADAC (215) 32.768 








KEARFOTT ADAC O° TO 359.9" 





KEARFOTT COMPONENTS INCLUDE: 

Gyros, Servo Motors, Synchros, Servo and Magnetic 
Amplifiers, Tachometer Generators, Hermetic 
Rotary Seals, Indicators and other Electrical 

and Mechanical Components. 

KEARFOTT SYSTEMS INCLUDE: 

Directional Gyro Compass Systems, 

Three Gyro Stable Platform Systems and 

Inertial Navigational Systems. 


Send for bulletin giving data of components 
of interest to you. 


KEARFOTT COMPANY, INC., Little Falls, N. J. 
Sales and Engineering Offices: 

1378 Main Avenve, Clifton, N. & 

Midwest Office: 

23 W. Calendar Ave., La Grange, Ill. 

South Central Office: 

6211 Denton Drive, Dallas, Texas 

West Coast Offices: 

253 N. Vinedo Avenve, Pasadena, Calif. 


For more information circle 14 on inquiry card. 
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Jet Aircraft Instruments 


Shock mounted and hermetically sealed, this instru- 
ment is a dual-channel servo amplifier for use in air- 
speed and Mach number computer systems. Operating 





from a single-phase 115-V, 400-cps power supply, it 
amplifies synchro output signals to drive servo motors 
for the true airspeed and Mach number servo loops of 
the Norden-Ketay type IM-1 indicator. Each channel 
has a 90° phase shifter, two amplification stages, one 
phase splitter and one push-pull amplifier stage. 
Specifications: Weight—2.75 lb, Power input—115 
V, 400 cps, 56 VA max; Output—26 V, 400 cps; Alt. 
range—1,000 to +80,000 ft; Meets MIL-A-8026 and 
MIL-E-5272. (From new 4-page Bulletin 424, Norden 
Ketay Corp., Instrument and Systems Div., Milford, 


Conn.) 


For this literature circle 105 on inquiry card. 


efe 
IF Amplifiers 

The series 80 amplifiers are transistorized versions 
of the IF 62 subminiature amplifiers and are intended 
for prototype work in new system designs. While nor- 
mally designed for a 2 mc bandwidth at a center fre- 
quency of 30 mc, they can be supplied at other center 
frequencies and bandwidth on special order. 


t 

bE. 

The IF 80 B uses six stages of grounded base cir- 
cuitry with an emitter follower output stage. 

Model IF 80 B: Gain—100 db; Center Frequency 
—30 mc; Bandwidth—3 mc; Power Requirements— 
28 volts @ 1 watt; Gain Control—external; Dimen- 
sions—8” x 2144” x 1144”. (From new 6-page Bulle- 
tin, Lel, Inc., 380 Oak Street, Copiague, L. I., N. Y.) 


For this literature circle 106 on inquiry card. 
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In a recent address before a joint meeting of an AIEE-IRE student 

branch, Mr. H. H. Hoffman, of Hoffman Electronics Corporation, Los 
Angeles, estimated that military electronics would reach the fol- 

lowing levels by 1965: 


Military Electronics Forecast 
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Mr. Edward P. Curtis, Special Presidential Assistant for 
Aviation Facilities Planning, has predicted air traffic will 
double or triple by 1975 and that the limiting factor in 
growth will be adequate facilities, including electronic in- 
strumentation, to handle the traffic. 


One year ago, the Federal Airway Plan called for equipment expendi- 

tures of approximately one-quarter billion dollars for 1957-1961. 

An expanded and expedited revision has recently been announced which 

now calls for $810 million for 1957-1962. The increased figure 

is due to jet transport service, 1250 VORTAC navigation ground in- 

stallations, 115 airport surveillance radars, and a sixth year of 

work not previously included. 
National association of business administrators recently in- 
stituted a "business management war-game" as a training meas- 
ure for executives. It was based on the "war games" played by 
military commanders for exercise in command situations. It 
also has been proposed that electronic data processing sys- 
tems be utilized in Army War Games to assure full considera- 
tion of all factors. 


CAA reports an increase of 135% in aircraft operations (takeoffs and 
landings) over 1955. The number of fix postings (reports by pilots 


in air on instrument flight over reporting points) increased 22%, 

and the number of instrument landings increased 29%. 
Nuclear industry for 1957 is estimated to total $543 million, 
with $33 million in instruments, power reactor construction 
$120 million, research on other than power reactors $30 mil- 
lion and military reactors $140 million. Mining and milling 
of uranium accounts for $220 million. Industrial savings 
through the use of radioisotopes are $250 million a year. 

The magnetic amplifier market, starting from scratch after World War 

II, is now an estimated $100 million. First exclusively military, 

the commercial portion now approximates 40% and is increasing. 
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AC and DC VTVM’s 


and E Series 


The A and E Series VTVM’s are miniaturized, panel- 
nounting versions of the familiar laboratory instru- 
nent. They provide all the advantages of electronic 
measurement of AC voltages, and yet do not exceed 
he panel area required for standard panel meters. 





standard ranges from 10 MV to 300 V AC Accuracy: 
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B Series 


Designed for military applications, the B Series 
tuggedized miniature AC Vacuum-Tube Voltmeters 


60°F and utilize a meter movement capable of with- 
tanding the shock of a 400-pound sledge hammer. 
Standard ranges from 10 MV to 300 V AC. Accuracy: 
%. 

F Series 


The F Series of complete DC Vacuum-Tube Volt- | 
eters also can be mounted in operating equipment 
jithout exceeding the area required by standard panel 
eters. Standard ranges from 1 V to 300 V. Accuracy: 
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The G Series is a ruggedized, miniature, panel- 
mounting DC VTVM for use in military applications. 





(* unique packaging offers the utmost in weight and 
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pace savings. Standard ranges from 1 V to 300 V._ | 
Accuracy: 2%. (From new 32-page Catalog 57-110, | 
‘rio Laboratories, Inc., Seaford, L. 1., N. Y.) 
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Bill Waddell discusses ANALOG/DIGITAL CONVERSION. 


For the past few years one of the most serious concerns 
in systems design has been the development of equip- 
ment eminently suited to “link” the analog input to the 
digitized output assemblies of the system. Examples of 
such links are to be found in radar recording problems 
in the missile test field, in the control of machine tool 
operations and, most recently, in data logging in the 
petrochemical and chemical processing industries. In 
these and similar instances, there has been a conscious 
striving to produce highly specialized pieces of conver- 
sion equipment in an attempt to adapt the system to the 
particular control problem at hand. 

This striving has also led to increasingly frequent dis- 
cussions of analog to digital conversion in engineering 
circles. Such discussions have stimulated interest in, and 
have actually succeeded in clarifying, basic problems 
faced by the engineer in producing units suitable for 
the digitization of specific function variables. 


However, contending for attention along with the 
requirement for restricted-purpose conversion equip- 
ment, are the types of analog functions requiring to be 
digitized. These have continuously increased in num- 
bers, in complexity, and in the imposition of increasingly 
severe criteria for reliability. ‘To illustrate, systems today 
are successfully coping with shaft rotations, linear dis- 
placements and the complete gamut of electrical signals. 
A few systems have been built where pressure, tempera- 
ture, and flow variables have been directly converted. 


In the past the tendency has been to design the analog 
to digital converter and then assemble systems around 
the converter block. Examples of this approach are to be 
found in the handling of high-speed serial binary digits 
from input voltages, and in shaft converters containing 
cyclic codes requiring complicated translations before the 
outputs are readily adaptable for further processing. In 
order to achieve suitable solutions in such cases, it became 
necessary to introduce auxiliary equipment which fre- 
quently turned out to be much less reliable than the 
digitizer. This led, therefore, to more highly complicated 
and costly systems rather than significantly simplifying 
the basic analog to digital converter. 


The current approach is to engineer a “link” integrat- 
ing the components directly into the system. Only in this 
manner can they be properly weighted to assume their 
true and economical function. This has resulted in con- 





Bill Waddell, systems input-output special- 
ist, discusses analog to digital conversion. 


sciously avoiding marrying, for instance, a 5,000 sample 
per second analog input to a converter capable of spew- 
ing out 50,000 samples per second. Or by the same token, 
feeding 50,000 samples per second into subsequent proc- 
essing components not adequately provided with control 
equipment and/or direct methods for recording such 
rapid outputs. 


The present awareness of the problem, however, makes 
for a most encouraging outlook in the foreseeable future. 
Design break-throughs are bound to integrate the analog 
to digital conversion step into its proper and logical rela- 
tionship to the total system. Systems will then become 
less complex and significantly more reliable, which 
undoubtedly will rapidly result in unfolding important 
new fields suitable for control applications. 

By applying the latest proven techniques, our well-qualified staff 
at Daystrom Systems is prepared to take single responsibility of 
assembling and installing a system to meet your needs. We are cur- 
rently compiling a file of new applications and papers on various 
parts of systems, both industrial and military. If you are interested 
in receiving the file and periodic additions, please write us. 


‘ 
i © ooo SYSTEMS 


Division of Daystrom, tnc., 5640 La Jolla Boulevard 
La Jolla, California Telephone GLencourt 4-0421 
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ARMY AUTOMATION 


FIG. | 


miles precise to a few feet by bouncing signal between 
itself and distant identical station. Antenna on collapsi- 
ble mast ''sees'’ through foliage, bad weather and dark- 
ness. Transmitter-receiver and computer is in rear jeep 
compartment. 
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PLAN VIEW OF THE 
SOLAR FURNACE 


© CONCENTRATING 
MIRROR; Rear View . 





FIG. 2. SOLAR FURNACE for testing heat-resistant ma- 
terials to be constructed at the Quartermaster Corps Re- 
search and Development Command, Natick, Mass. Travel 
of the sun is automatically tracked by the heliostat. 












FIG. 3. G1 WITH AN/PPS-4 RADAR spots and plots 

ngle moving enemy half-mile away in darkness or 
fog; vehicles, or large groups at greater distance. This 
Electronic sentry, developed by Sperry Gyroscope 
Co., uses audio indication to achieve miniaturization 
and rugged construction. 


FIG. 4. SOLDIER-SCOUT SENDS LIVE VIDEO com- 
bat pictures to command post with 8-lb tactical T-V 
camera built by Radio Corporation of America; 47-lb 
transmitting station with battery power is carried 
in pack. 














Fig. 5. Electronic control of Nike bat- 
teries is shown by schematic diagram 
of Missile Master system. At right, 
radar console operators use photo- 
electric light guns placed against the 
screens to automatically transmit 
data to computers. 


Fig. 6. Flight of missiles at White 
Sands Proving Ground is followed by 
telescopic tracker which automatical- 
ly transmits data to computers. 


Fig. 7. Helmet radio, smallest 2-way 
combat radio, comprises these two 
units which snap into special helmet 
to make a complete communications 
set in a hat. 
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Fig.!. A “paragraph” including 8192 characters 
recorded in approximately 520 milliseconds. 
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Fig. 3. Typical matrix requires specialized photo 
engraving as relative sizes and shapes of the char- 
acters and the sizes and uniformity of the apertures 
through which the elettron beams are extruded de- 
termine the readability of the characters formed on 
the screen of the tube. 
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The CHARACTRON* shaped beam tube fills a need for high-speed readout 
from computers or other data sources having readout rates of 5,000 to 
20,000 characters per second. It can be used as a page-type recorder for 
readout and storage, intervention for computer checking, or recording or 
immediate reading of high-speed communications. When used as PPI scope, 
signals are identified by groups of characters for special surveillance prob- 


lems, air traffic control, etc. 


ATENTED by Joseph T. McNaney (Fig. 5) in 
P.:. early 1940’s, the CHARACTRON shaped 

beam tube was left undeveloped as no existing 
equipment required its recording speed. The advent of 
high-speed computers revived interest in the tube as a 
simple computer readout device, and development was 
resumed in San Diego in 1950. Improved accuracy in 
positioning the characters with a high degree of clarity 
and brightness has so improved the tube that it is 
now also suitable for combined target identification 
and PPI use (Fig. 4). 

During recent years many methods have been 
evolved for writing or printing characters on the 
screens of cathode ray tubes. In some of these methods 
the electron beam moves across the face of the tube 
to produce a trace similar to writing with a pencil. 
This requires a continuous and ordered change of 
voltages applied to the deflection plates of the tube. 
Others produce the characters by a raster scan that 
operates in a manner similar to facsimile reproduc- 


tion. The CHARACTRON shaped beam tube forms all 
*CHARACTRON is a trademark that is registered in the U.S. 


Patent Office by Stromberg-Carlson, a Division of General Dynamics 
Corporation. 
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parts of each character simultaneously by extrusion 
of the electron beam through a stencil-like mask, then 
places that character at any desired place on the face 
of the tube. The maker says it provides the brightest, 
smallest and easiest-generated characters that can be 
displayed on a cathode-ray tube. 


Operation 


As the basic principles and construction of all avail- 
able CHARACTRON shaped beam tubes are the same, 
a study of the function and structure of the C19K 
tube (Fig. 2) is sufficient for understanding the op- 
eration of all tubes. The electron gun, which includes 
the cathode, focusing anodes and blanking grid, pro- 
duces the beam and acts as a shutter to turn it on 
and off. 

The tube is blanked off during the few microseconds 
required to stabilize the selection and positioning volt- 
ages. When the blanking voltage is removed, a choice 
of one of eight steps of regulated voltage applied to 
the horizontal and vertical selection plates directs the 
beam to the proper character on the matrix. A typical 
matrix, shown in Fig. 3, acts as a minute electron 


Fig. 4. Air traffic control display on the CI9K, 19" 
dia. tube. 
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Fig. 5. Joseph T. McNaney, inventor of the 
CHARACTRON shaped beam tube. 


Donald T. Olmsted 


Stromberg-Carlson—San Diego 


The Author 


DONALD T. OLMSTED has a B.A. in Physics, 1928, Colo. State 
College of Education. During early World War Il he served 
as a scientist with the Signal Corps Training School at Laramie, 
then as a staff member in the Radiation Laboratory of MIT. 
As Lieutenant, U.S. Naval Reserve, in 1944 he served with 
Bu Ships and the Naval Research Laboratory on tropospheric 
propagation research. Since 1946 he has served as engineer 
in the Wave Propagation Group, Naval Research Laboratory, 
on radio interference reduction for Bureau of Yards & Docks; 
engineer-in-charge of the Cornell University Solar Radio Ob- 
servatory; with Land Air Corp. on Solar Radio Research; and, 
from 1953 to 1956, Communication System Superior and Con- 
sulting Engineer for the General Electric Advanced Electronics 
Center. Mr. Olmsted is now Head, Systems Engineering, Strom- 
berg-Carlson, San Diego. 


139 















Fig. 6. Model 70B display console uses 19" 
shaped beam tube. 


Fig. 7. CHARACTRON computer readout 
equipment, Model 100. 





Fig. 8. Demountable vacuum tube assembly 
used for electron optics research. 





stencil. It is made of a special alloy with all sym- 
bols engraved within a square area slightly less than 
one-fourth inch on a side. Sixty-four characters are 
etched in eight horizontal rows of eight characters 
per row. The choice and arrangement of characters and 
symbols in the matrix can be varied to meet the par- 
ticular needs of any custom application, 

The convergence coil redirects the now off-center 
beam back to the center of the tube where it is re- 
aligned by the reference plates. The deflection yoke 
selects the spot on the face of the tube where the beam 
will strike and activate the phosphor to display that 
character. The helical accelerator acts as an intensifier 
to improve the brightness of the character. 


Coding 


The simplest and best method of selecting characters 
is to bring all information from outside sources in 
binary coded form. Three binary bits provide eight 
choices for vertical selection and three more bits pro- 
vide horizontal selection. Thus a total of six bits is 
required for the selection of each character. 

Ten bits of binary input to the decoding amplifying 
circuits controlling the deflection yoke offers a choice 
of any one of 1024 possible horizontal positions on 
the face of the tube for the extruded character. A 
second set of 10-bit codes provides the same selection 
of the vertical position. The precision required in this 
positioning prompted the use of electromagnetic in- 
stead of electrostatic deflection. 

In addition to externally selected and coded display 
positions, sequences or combinations of position also 
can be generated locatly. By using this feature, in- 
formation can be displayed on the tube using only 
six binary bits for each character. 


Display Versatility 


The characters may be selected and displayed at 
rates up to 20,000 per second. They may be organized 
in lines, as on the page of a book, or assembled in 
groups or formats and placed in any desired location. 
Each character may be flashed only once and photo- 
graphed in real time to make up a complete page, or 
the characters may be repeated 15 to 20 times per 
second to produce a continuous non-flicker display. 
Parts or all of a display may be moved from one posi- 
tion to another at any desired rate. 

The CHARACTRON shaped beam tube also has all 
the characteristics of a standard cathode-ray tube. By 
directing the beam through a hole in the matrix, in- 
stead of through a shaped character, the deflection 
coils can be used for the standard electronic method 
of producing a PPI sweep. By a system of time- 
sharing, a combination radar display and display 
identification can be produced. 


Tube Sizes 
Two sizes of CHARACTRON shaped beam tubes are 


now available as shelf items. For air traffic control, 
surveillance or direct observation of output from any 
type of data-processing equipment the large 19” tube, 






C19K (shown on the cover) is most suitable. The con- 
sole shown in Fig. 6 uses the C19K and is designed 
as a basic unit for experimental work involving any of 
the directly-observed presentations. For permanent rec- 
ord purposes, photographic recording, or projection, 
the 7-inch, high intensity, short-persistence tube is 
most suitable. 

The equipment shown in Fig. 7 uses the 7” tube 
and provides direct recording for speeds as high as 
20,000 characters per second, eliminating buffer stor- 
age or intermediate tape recordings. This is particular- 
ly useful for computer readout, human intervention in 
computer operation, storage examination, or data- 
processing outputs that require direct recording of 
information. The equipment provides both permanent 
storage and immediate visual display for program 
monitoring. It also can record data in tabular form 
and plot curves complete with titles, scales, grid pat- 
terns and other interrelated information. 


Research 


If research now under way to change from electro- 
magnetic to electrostatic position selection is success- 
ful, several microseconds settling time now required 
for electromagnetic deflection will be eliminated, and 
a recording rate of 100,000 characters per second may 
be attained. Electron optics research, continuously 
under way, uses devices such as the demountable vacu- 
um tube (Fig. 8). Matrix research efforts point to- 
ward an increase to a possible maximum of 256 avail- 
able characters (16 columns and rows), each being 
selected by a combination of eight binary bits. 


New Applications Planned 
Present and past uses of the CHARACTRON shaped 


beam tube have included computer readout, computer 
intervention and storage inspection, digital transfer 
of data and information, and various types of surveil- 
lance including ground, air and sea. 

Future planning includes accepting output of any 
data processing equipment. Computer, communication, 
radar and beacon data may be displayed either singly 
or in combinations for direct observation, recorded 
for storage, or immediately projected. Characters can 
be displayed at the rate of a few microseconds per 
character. These may be organized as written columns 
and pages of information or as identifying groups that 
are included on radar presentations or maps. In the 
latter case, these groups of characters may be moved 
in synchronism with the items under observation 
and changed as the information changes. 

In summary it should be noted that the CHARAC- 
TRON shaped beam tube “prints” each character on 
its screen as a single operation. This is the secret of 
its high speed and this principle also simplifies the 
input equipment required. In addition, it is capable 
of operation as a standard cathode ray tube such as a 
radar PPI or even as a television tube. By a time- 
sharing process, combinations of these operations may 
be displayed and recorded as desired. 
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MODELS PL80 
AND PM80 
Differential 


Pressure 


Transducers 
FOR 


flow measurement 





Rocket Engine Stands 
Hydraulic System Tests 
Nuclear Reactors 


the flow of liquids and 
gases is being measured by 
connecting Model PL80 and 
Model PM80 pressure trans- 


ducers across an orifice. 


Ranges 
+1 to +3000 psid and 0-1 to 0-3000 psid 


Line Pressure Rating 
5000 psig 
Pressure Media 
Fluids not corrosive to 
Types 303 and 347 stainless steel 


Transduction 
Resistive, Statham unbonded strain gage 


For additional data, please request 
Bulletin Nos. PL80TC and PM80TC 


LABORATORIES 
12401 W. Olympic Bivd., Los Angeles 64, Calif. 


ore information circle 16 on inquiry card. 
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Redstone Arsenal— 


Army's Guided Missile 
and Rocket R & D Center 


N ALERT is sounded in the control shack. Im- 
A mediately test crews spring into action, Army 

Nike launchers and radar controls swing into 
position. The missile is launched and moments later 
the attacking aircraft is destroyed. This time the “at- 
tacker” was a drone and the operations were a test. 
However, it could have been real and we would have 
been ready. 

Army Ordnance is ready also with anti-tank mis- 
siles such as DART, tactical artillery support with 
Honest John, Little John, Corporal, Redstone and soon, 
Jupiter. 


Two-million-volt Van de Graaff particle accel- 
erator similar to that being installed at Redstone 
Arsenal. 


Redstone Arsenal, the Army’s guided missile and 
rocket installation, has research laboratories to gen- 
erate the long range information and ideas required 
to guarantee missile superiority in the future. The 
laboratories have physicists, chemists, engineers and 
mathematicians engaged in research in aerodynamics, 
combustion, electronics, solid state physics, nuclear 
physics, dynamics and mathematics. 

The laboratories make available to investigators 
supersonic wind tunnels, a liquid helium cryostat, nu- 
clear magnetic resonance equipment, optical and mass 
spectrometers, radioisotopes for gamma and neutron 
sources, microwave equipment, high-temperature fur- 
naces, a rapid rate tensile testing machine, high-reso- 
lution microscopes and a wide variety of instrumen- 
tation associated with this equipment. 

A tool for missile and rocket research recently ac- 
quired is the new 2-million-electron volt Van de Graaff 
particle accelerator (see illustration) built by the High 
Voltage Engineering Corporation, Burlington, Mass. 
Research programs using this equipment will be di- 
rected by James E. Norman, chief of the research 
laboratories. 


For more information on the particle accelerator, 
circle 201 on inquiry card. 



















gyros 


“Cubic Inch” rate and integrating types 
for missile and rocket guidance systems 
Ideal for all applications involving 


severe environmental conditions 


fol g-t-$-10lg-mbae-lal-te le let—i a) 


Absolute and differential types for use with nitric 
acids, 90°s hydrogen peroxide, UOMH and other 
corrosive propellants and oxidants, at pressures up to 


4000 psi and temperatures as high as 500°F. 


RAHM INSTRUMENTS, INC. 


237 Lafayette Street, New York 12, N. Y. 


For more information circle 17 on inquiry card. 








Printed Cireuttry 
lll Design Factors 


Printed circuits are more than conventional circuits with 
printed wiring. Consideration of base material, size and 
width of conductors, type of conductors, and cost of fabri- 
cation are all necessary as early as the circuit design stage. 
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HE INKED DRAWING, which is the basis for the 
final circuit design, is usually the result of a num. 
ber of layout sketches. These trial layouts are made 
repeatedly until the most direct and simple position of 
the final wires is decided upon. Many factors, such as (1) 
required current, (2) number and types of required com. 
ponents, (3) temperature of operation, (4) use of the 
circuit and (5) quantity of units needed are evaluated 
as they affect (1) conductor width, thickness and spacing, 
(2) hole size, shape and spacing, (3) component place. 
ment and lead dress, (4) circuit terminations and (5) 
materials and production means. 
In this chapter we describe these factors and present 
recommended practices now in use in industry. 


Master Drawing 


After a satisfactory design is completed, a master 
drawing is inked on a good stable white stock which wilf 
not change in size because of weather or other factor 
(Fig. 3-1). A flat black ink must be used because reflec: 
tions from the surface of glossy ink could prevent accurate 
reproduction. It is necessary that all lines be sharp and 
clean for best results. 

Drawings are made 2 to 3 times larger than the final 
circuit because this enlarged scale permits closer toler. 
ances in the final product as well as sharper reproduc 
tion; for example, an error of 0.048” in a large drawing 
will be only 0.016” after a three-to-one reduction. Th 
scale and also the final size of at least one dimension of 
the final drawing or circuit size is required on the draw: 
ing. Register marks also are required. 

Lettering, such as trade names or code letters, shouli 
be sized so that after reduction the lines are not thinne 
than 0.015” and the letters are clearly legible. 

Even layout can be standardized. Fig. 3-2 shows on 
common tool that is used in laying out over 100 differen 
printed circuits for mass production. This is done b 
using one common aluminum plate several times the fin 
ish size, with all holes in the plate corresponding wi 
holes punched by a machine tool. Terminals and conduc 
tive paths are put on with plugs and tape. Unused holes 
are masked out of the circuitry, but also are perforat 
on the final boards by the machine tool. 

Table 3-1 illustrates the range of accepted values for 
conductor width, thickness and spacing. For example, 
0.01” is a minimum value for conductor width and spac 
ing, while 0.060” is recommended both for spacing an 
width. Conductor thickness (discussed in the followin 
section) depends in part on the thickness of the ba 
material. 

Capacity of printed wiring is a function of board thick 
ness and board material, as shown in Table 3-2. 
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Fig. 3-1. Drawing the enlarged master for a printed 
circuit. (Photo courtesy Insulated Circuits, Inc.) 
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BASE 
ETCHED COPPER CONDUCTOR MATERIAL WIDTH OF SPACING OF 
PROCESS THICKNESS THICKNESS CONDUCTOR CONDUCTOR 








Rance 0.0013" (1 sr} 1/32" 3/64" 0.010" min. 0.010" min. 
0.0027" (2 oz.)} 1/16" 3/32" 
0.0040" (3 oz.)} ie" 4" 

Recommended for 0.0013" (I oz.) 1/16" 0.060" 0.060" 





General Practice 


Table 3-1. Copper conductor thickness, width, and 
spacing. (Table courtesy Aerovox Corp.) 


APPROX. CAPACITY PER UNIT LENGTH OF 
CONDUCTOR: MMF/inch 








Board Phenolic Phenolic Phenolic Melamine Teflon 
Thick. XXXP XXP 

1/32 1.05 0.88 0.79 1.25 0.33 
1/16 0.85 0.71 0.64 1.10 0.26 
1/8 0.72 0.60 0.54 0.90 0.22 





Table 3-2. Copper conductor capacities. (Table 
courtesy Techniques, Inc.) 


















































Maximum 
Pressed | Etched Dissipation | Moisture Dielectric | Opemting Flexural Approx. 
ilver Copper Base Material Factor Absorption | Constant | Temperature | Punching Strength Cost Ratio 
Wiring Wiring atime. | %for24hrs.] at 1 me. Deg. C° Quality PSI XXXP = 1 
x x XXP 
Lam. paper-base .04 1.8 max. 4.6 125 Very Good 17,000 0.9 
phenolic 
x x XXXP 
Lam. paper-base .03 1.0 max. 4.5 125 Good 23,500 1 
phenolic 
x x Grade LE , 
linen phenolic _ 1.95 max. — 125 Excellent 15,000 3 
"a X Nylon Base ; 
phenolic .03 0.6 max. 3.3 75 Excellent 16,000 3 
x Melamine 
glass base .03 2.7 max. 6.8 150 Poor 55,000 2 
*X x Epox 
glass base .022 .20 49 175 Good 50,000 4 
x Silicone 
glass base .015 -20 3.9 200 Poor 40,000 6 
x x Teflon 
glass base .0007 .03 2.6 250 Poor 13,000 20 
x Polystyrene .0002 .05 2.5 85 Very Poor 17,000 3 
x Methacrylate 
(Lucite) .03 .40 3.3 85 Very Poor 17,000 2 























Table 3-3, Base material table. (Information com- 
piled in the above table was obtained from the 


following sources, NEMA, Aerovox Research Dept., 
and suppliers of base materials.) 


(*Subject to design details. Check (X) indicates availability of base materials.) 


Base Materials 


Laminated phenolic boards are commercially available 
in the following thicknesses: 1/64”, 1/32”, 3/64”, 
1/16”, 3/32”, 1/8”, 3/16” and 1/4”. Several base ma- 
terials are used; paper is common. Usually the boards 
are a laminated material coated or impregnated with a 
thermosetting* phenolic resin binder. High pressure 
(1500 psig) applied under conditions of high tempera- 
ture (325°F) produces a single hard sheet of great 
strength. Electrical properties are rated by NEMA (Na- 
tional Electrical Manufacturers Association) as X, XX, 
or XXX. A suffix P is used to indicate that the material 
has good punching qualities. Insulation resistance and 
dielectric strength increase in grades X through XXX 
along with the cost of the material. 

Table 3-3 is a tabular list of base-material properties 
for the following four general classes. 


1. Phenolic paper-base laminates. XXP is a paper- 
based phenolic material of electrical grade. It has good 
mechanical strength and may be punched while hot. 
XXXP is the same type of material but is used where low 
dielectric losses under high humidity conditions is im- 
portant. It has high insulation resistance and good hot- 
punching characteristics. 


* After curing, the plastic sheets will not melt when reheated. 
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2. Phenolic fabric-base laminates. This is usually a 
cotton-base material suitable for machining and fabrica- 
tion of special shapes. It has good electrical properties 
and excellent mechanical characteristics. This material is 
available in very thin sheets. The phenolic Nylon has a 
very high insulation resistance under high humidity con- 
ditions, excellent impact strength, and excellent electrical 
qualities. 


3. Glass fabric-base laminates. Melamine glass is both 
arc and heat resistant. Epoxy glass has the greatest me- 
chanical strength of the materials listed. Silicone glass 
has a smaller dissipation factor than epoxy, and Teflon 
glass is used where there are very high operating tempera- 
tures or where dielectric characteristics are very im- 
portant, as with microwave circuits. 


4. Thermoplastic materials. Polystyrene is used where 
an extremely low-loss factor is required. Conductors may 
be applied to flat sheets, molded parts, or extruded parts. 
Methacrylate has properties somewhat inferior to Poly- 
styrene but is used where the change in mechanical prop- 
erties during aging must be kept small. Methacrylate is 
also known as Lucite. All of these thermoplastic mate- 
rials have low operating temperatures (they melt when 
reheated), poor punching qualities, and are suitable only 
for die-stamping, not for etching. 


Ee Oe ae 


o”’e. 


Cc 


Fig. 3-2. Pre-drilled standard aluminum layout 
board. A shows inserting circles where holes will be 
used for connections. B shows laying down conduc- 
tive paths with tape. C shows masking out unused 
holes. (Photos courtesy Photocircuits Corp.) 
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Fig. 3-3. Typical cross section of 1/16" dia hour- 
glass hole in a die-form panel. (Drawing courtesy 


Die-Form Circuits, Inc.) 


Bond Strength 


The bond between the conductor and the board is a 
function of the base material and adhesive. Originally 
copper foil was bound to the laminated base after the 
base was manufactured. Now techniques have been de- 
veloped which have the adhesive-coated copper foil made 
part of the laminated base when it is first cured under 
heat and pressure. Bond strength is measured in terms of 
the force, in pounds, required to peel back a 1”-wide 
strip of the conductor foil. Bond strength, or peel 
strength, as high as 20 pounds has been obtained for a 
1” strip of copper-clad phenolic material. 


Molded Boards 


A form of molding recently developed for printed 
circuits* permits variations in conductors and molded 
holes. The panels can be made from any insulating mate- 
rial which can be molded, such as mica-filled phenolic 
or melamine. Because of the flexibility of molding, these 
panels can support more complex structures of electronic 
circuits. 

Holes molded into the base have an hour-glass shape 
as shown in Fig. 3-3. After soldering, the solder nugget 
secures the component leads in the holes without lead 
crimping. Conductors lie in 0.016”-deep molded channels 
that have sloping sides. This recessing of the wiring pre- 
vents any component case from touching the conductors 
and thus shorting. The circuit, including the holes, con- 
sists of copper plated with solder. A baked-on solder flux 
eliminates the need for cleaning up after soldering. Peel 
strength, increased by the channels and the plate holes, 
exceeds that of other methods. 

The resin presently used in molding is electrical-grade 
phenol resin with these characteristics: (1) Power factor 
(1 me.), 0.025; (2) dielectric constant (1 me.), 4.4: 
(3) tensile strength, 7500 psi; (4) flexural strength, 10,- 
000 psi; (5) compressive strength, 32,000 psi: (6) 
dielectric strength, 380 volts/mil. 





* Die-Form Circuits, Inc., 
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CURRENT CARRYING CAPACITY Of ————— 
COPPER FOIL CONDUCTORS 
FOR }{¢"° BOARD THICKNESS 
10 = Ye" 
RESISTANCES FOR COPPER-CLAD Ps Oe ee . 
PRINTED CIRCUITS 8 7 is” 68 | 
o” =—| CONDUC 
. Ohms per inch at 20° C for 100% MA a Lm ] Ye" 2 THICKNI 
Oz/sq ft Thickness Conductivity Copper a 6 2° > “4 a 
in Inches “ ea jer" LelA2" . 
0.8 0.0007 Line 0013" 0027" 53 lao" Ye" ONL ,, BASE 
i 0.00135 Width Copper Copper <4 —spoat — 5 THICKN 
2 0.0027 1/4" 002 0009 4 sos => V2 3 
3 0.0040 " 7 - ri eee 4,02 
1/8 .004 0018 2 ha"” 6 
- pes 1/16" 008 0035 a a ee Sat oie. 
0.609 1/32" 016 007 
1/64" 032 015 
Table 3-4. Available 20 30 40 50 60 SPACING 
weights of copper foil. Table 3-5. Copper resistance as a TEMPERATURE RISE IN DEGREES Cf | “ONY 
function of width and thickness. Foil Thickness .00135” (1 oz.) - 
(Table courtesy Aerovox Corp.) Foil Thickness .0027" (2 o7.) ==---+" : Table 3 
Fig. 3-4. Temperature rise in copper proces: 
printed wiring. (Drawing courtes 
Aerovox Corp.) 
The maximum present panel size is 10” x 61”; thick- As there is no adhesive between the conductors and th ; 
ness is 0.094’, base in this case*, the current capacity is limited by amp “*P@"S!¢ 
allowable temperature rise of 40 C°: For example, start punched 
Conductors ing from 25° C as room temperature with a 40 C° rise, —_ 
- ‘ ‘ : 7 . unches 
['wo materials commonly used as conductors for print- the final temperature would be 65°C. From Fig. 3-5 the ‘ png 
ed circuits are copper and silver. Other metals used in allowable direct current for a conductor 0.030” wide and should 1 
special cases for abrasion resistance, corrosion resistance, 0.0015” thick is greater than two amperes. At three ten al 
etc., include tin, steel, aluminum, brass, and various al- hundred volts this would be a 600-watt rating—more than wena 
love required for many applications in communications. ees 
_ But whe 
COPPER Fabrication is oo 
e s 
A special electrolytic grade of copper foil 99.5% pure A knowledge of some of the problems of fabrication kept ab 
is used for printed circuits because of its low cost, avail- _ helps the engineer recognize where small modification 5, con 
ability, low resistance, and good soldering qualities. in design can reduce costs without changing the utility] ional ¢ 
This copper foil is available in thicknesses from 0.0007” of the circuit. sclevans 
(0.5 ounce per square foot) to 0.0094” (7 ounces per Piercing and blanking dies make the component mount. 
square foot). Intermediate values may be seen in Table ing holes. Holes of unusual shapes and sizes increase the 
3-4. Common thicknesses are 0.00135” (one ounce per cost of the die. Boards up to 14” thick are punched with- The 
square foot) and 0.0027” (2 ounces per square foot). out difficulty. When base thickness exceeds this value, a pends ¢ 
This copper is available in a grade of greater than 99% —_ more expensive method must be used for producing holes. anne 
. “fe . . . ? 
purity developed specifically for printed-circuit use. Usually hole diameter is not smaller than the thickness dipping 
lable 3-5 gives resistance values in ohms per inch at of the base material. The technique used for mounting} there a 
° AO , > bd ° i < 
20°C (64°F) for the two most common thicknesses for the components also affects hole size. Holes should not be} wiping 
- ” ” ie . 
widths from 1/64” to 1/4”. too close to the edge of the board—a minimum distance} Sold 
Current capacity is related to resistance. Because con- of 114 to 2 times the thickness of the board is consid] per, a 
ductors are bonded to the base, the current capacity is ered normal. al 361) 
related to characteristics of the board, including the Hole tolerances should be only as tight as actually} or 40/ 
effects of heating the bond. The CurreNt capacHy may be needed. In most cases the only significant factor is thai] might 
defined as “the eee oursems which ied be carried the component hole allow a good meeting between the} Silver i 
by a conductor without resulting os seiner - wire on the board and the lead wire. It is not necessary} 2970 | 
either the mechanical wi electrical characteristics of the to have the lead hole exactly in the center of the printed standai 
printed board.” Fig. 3-4 indicates the amount of allow- * , . ing sol 
; fags wire. Component leads require a hole size large enough 
able direct current, for a board 1/16” thick, as a func- : s , on Sma 
for insertion without difficulty, but not large enough for 
tion of temperature. . we ‘ quired 
excessive play risking a weak connection. he d 
: the da 
SILVER In some cases a small pad, or circular copper area. reat 
inn : is rided d le. l ch. 
Silver conductors are generally 0.001” to 0.004” thick. 7 ong ain dal . oo cass. “ y ie “ore i j more 1 
Table 3-6 shows general practice for the silver conductor "8 OF GrNINg Tolerance should also consider ae ee ply th 
process. * Conductors are die-stamped into the base. condu 
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| } 6 
| Range [Recommended for 5 | | | V Hole Diameter Tolerance in Inches 
| ’ | General Practice VW ee ee eiaiensna nace 
~~ 
" € 4 Z PUNCHED | _ DRILLED 
| . . . 
CONDUCTOR | -9,001'"-0.004"" | 0.0015" < . V (using one die) (using template) 
| | Zz 4 +-0.003 
| | Ww 2 +0.003 —0.001 
BASE 1/32", 3/64", 1/16" | 1/16" & 
THICKNESS | 3/32", 1/8", 1/4" | ro 1 Hole Location Tolerance in Inches 
| for Various: Distances 
| 
WIDTH OF | — | . 0 Up to 2" +0.005 | 
0. ; 0.060 
nf = 4 050 100 .150 .200 | 
| | CONDUCTOR WIDTH (IN.) Up te 6° +0010 
SONDUCTOR 0.030" min. | 0.060" 0015” thick cond lig” | 
CONDUCTOR | ‘ uctors~on 716 12" +0.015 | +0.003 
| ‘thick base material, 40° C rise in 7% -_ , Vy 
temperature. ae 
Table 3-6. Characteristics of the pressed silver Fig. 3-5. Current rating of pressed —_ 3-7. pg ee : Be a ee 
process. (Table courtesy Aerovox Corp.) silver conductors. (Drawing cour- ‘erences for oards. (Table Fi, 3.6. Dip soldering. (Photo courtesy The Form 


tesy Aerovox Corp.) 


expansion and contraction of the base material which is 
punched while hot. 

Large round holes are least costly because round 
punches and dies cost less than dies for square, rectangu- 
lar or other shapes. This is not to say non-circular holes 
should not be used, for one of the most significant fea- 
tures of the entire printed-circuit process is that holes of 
almost any size or shape can be used wherever required. 
But where there is a choice, the relative cost of the die 
is important. 

The spacing between holes is also significant. Spacing 
kept above 7/32” for commercial punches, or 12/32” 
for commercial button dies and punches, provides addi- 
tional cost reductions, Table 3-7 indicates some normal 
tolerances. 


Soldering 


The type of flux used with the soldering process de- 
pends on the condition of the component leads: For in- 
stance, dirty leads require a more active flux. Solder 
dipping is normally used with printed circuits, although 
there are several other techniques including brushing or 
wiping and spraying. 

Solder contents depend upon the conductors. For cop- 
per, a eutectic solder, 63% tin, 37% lead, which melts 
at 361° F, is satisfactory. Other solders such as 50/50 
or 40/60 (tin to lead) melt at higher temperatures which 
might damage the board. An original solder containing 
silver is suggested for silver conductors. This is 63% tin, 
39% lead, 2% silver. Repairs can be made on silver with 
standard 60/40 solder after the initial use of silver-bear- 
ing solder in production. | 

Smaller soldering irons may be used, but care is re- 
quired to keep the temperature of the conductors below 
the damage point. A soldering iron with a temperature of 
about 500°F can cause damage if it is left in place for 
more than a few seconds. The proper technique is to ap- 
ply the iron to the component lead and the solder to the 
conductor on the board. 


May-June, 1957 











courtesy Aerovox Corp.} 


In manufacturing, after all the components have been 
placed and their leads crimped where required, the cop- 
per-foil face of the board is cleaned and flux applied. 
Then the entire wiring face of the board is dipped into 
molten solder (Fig. 3-6). Note that the molten excess 
solder is falling from the board. This is important— 
unless great care is used it is possible for the solder to 
“bridge” between two conductors. 

Components exposed to the molten metal for too long 
a period can fail or suffer changes in their characteris- 
tics. At the normal solder bath temperature of between 
435°F and 550°F, normal dipping time is between 5 and 
10 seconds. 

Resistors do not seem to be affected by dip soldering. 
A small change in their measured value occurs, but usual- 
ly this is not serious. Capacitors of the plastic, metal, or 
ceramic types are not damaged by normal dipping, but 
capacitors which have wax coatings are not dip soldered 
but are joined with connectors. 


Connectors 


Connectors are used (1) between circuits and conven- 
tional wiring, (2) between printed boards, as when a 
small board is mounted on a larger one, and (3) for 
mounting certain components. 

Connectors are a vital part of electronic equipment 
using several boards as quick removal and replacement 
of defective boards is a significant aid to repair work. 

Usually plug-in circuit packages have printed-wire ter- 
minations on the board that fit into a mating female 
plug on the equipment. These boards have two conflicting 
objectives; the best possible low-resistance connection 
is desired, but the connectors must also permit rapid 
removal of the board. Plug-in board connectors are 
shown in Fig. 3-7. 

Phosphor-bronze_ silver-plated contacts mounted on 
0.2” centers on the board fit into the female receptacle 
(Fig. 3-7, C.) This connector has a 10-ampere rating at 





Fig. 3-7. Printed circuit connectors. (Photos 


ELCO Corp.} 
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Fig. 3-8. Details of dual (left) and single (right} 
printed circuit connectors for right-angle mounting. 
Other variations feature vertical mountings and 
connections to top of board surface. (Drawings 
courtesy DeJur-Amsco Corp.) 





Fig. 3-9. Micro-Pin sockets for components. (Photo 
| courtesy Techron Corp.) 


Fig. 3-10. Sub-miniature 
3-pin transistor socket for 
printed circuit. (Photo 


courtesy ELCO}) 











Fig. 3-11. Comparison of an ordinary electronic 
circuit and high-temperature printed circuit after 
baking. (Photo courtesy General Electric Research 
Laboratory) 
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Fig. 3-12. Transistorized 3C-M-PAC flip-flop. (Photo 
courtesy Computer Control Co., Inc.} 


Fig. 3-13. Modular packaging for an airborne appii- 
cation. (Photo courtesy RCA) 
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3500 volts rms, a contact resistance of 0.002 ohms, and 
a dry insulation resistance of 25,000 megohms. 


” 


A “bellows contacts”* type of connector which main- 


tains a spring-like contact over a wide range of board 


thicknesses is shown in Fig. 3-8. 


Components 

Components used in printed circuits will be thorough- 
ly discussed in the next chapter. At this time we will ex- 
plore only the relation the choice of component has on 
circuit design. 

In most applications, holes are provided in the boards 
for the component leads. The choice of components, in- 
cluding their physical size and method of mounting as 
well as their electrical ratings must be determined as 
early as the first circuit bread-boards. The printed-wiring 
drawing cannot be completed until the proper size and 
placing of components has been decided upon. Some com- 
ponents cannot be mounted in holes through the board 
because they can be damaged in dip soldering. In such 
cases a solderless friction-grip plug-in socket can be 
used (Fig. 3-9). 

Transistors are becoming more and more important 
as circuit elements. Because of their very long life there 
is an increasing trend toward considering them as a 
fixed and permanent part of the circuit just as a resistor 
or a capacitor. Often they are placed in the circuit with 
sockets (Fig. 3-10) to avoid having their characteristics 
altered during dip soldering. 


* Pat. pending, Continental Connectors, DeJur-Amsco 


High-Temperature Circuits 


One of the limitations of ordinary printed wiring is its 


maximum operating temperature. New techniques and 
materials are now able to raise this temperature limit. 
Fig. 3-11 compares an experimental circuit, with resistors, 
capacitors, vacuum tubes and printed wiring operated at 
1500°F for thousands of hours, to an ordinary circuit 
after both were removed from the oven in the back- 
ground. 

The resistors are hollow evacuated Fosterite ceramic 
tubes with a resistive coating on the inner surfaces. Ti- 
tanium end-caps make connections to the circuit. 

Capacitors using pure single-crystal alumina (synthetic 
sapphire} as dielectric have been made. Mica, which 
ordinarily crumbles at 500-600°C (about 1000°F) has 
also had its upper temperature limit extended by special 
heat treatment. 

Circuit boards are ceramic with metallic silver con- 
ductors. Platinum wires imbedded in the base are joined 
to the components they support by spot-welding. Ceramic 
vacuum tubes operate without heaters as at this tempera- 
ture emission from the cathode is more than sufficient 
without additional heat. When operation at lower en- 
vironmental temperatures is also required, the tubes are 
enclosed in an oven to maintain their operating tempera- 
ture. 

High-temperature printed circuits have important uses 
in guided missiles and other military electronic equip- 
ment where high ambient temperatures are encountered 
because of component crowding or special operating con- 
ditions. The design characteristics of all these materials 
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at the elevated temperature are greatly changed from 
their characteristics at room temperature. 

Fotoform* glass is a special type of glass which can be 
used for printed-circuit boards by photo-exposing and 
etching. It has a dielectric constant of 6.5 (at 1 mc) with 
zero moisture adsorption, high resistivity and excellent 


stability up to 500°C. 


Modularization 


A circuit such as an audio amplifier, cathode follower, 
or a pulse-generator can be built on a single board (Fig. 
3-12). Such use of printed circuits implies an additional 
step. In any given line of electronic equipment, a circuit 
can be found more than once. Some, as the examples 
above, will occur many times. If the proper evaluation is 
made, a standard circuit can be found which will answer 
the needs for many equipments. Thus, the basic module 
is born—a standard circuit which can be used in many 
equipments. 

Modular construction has a two-edged advantage. 
Standard modules can be produced as end-items and then 
stored until final assembly. Also standard circuits allow 
engineering effort to be directed toward developing the 
best possible circuits, rather than to be divided among a 
number of circuits which differ only in details. 

Circuit packaging and modular construction are in- 
terdependent; one cannot very well be changed without 
considering the other (Fig. 3-13). Circuit modules also 
can be considered as the starting point from which small- 


* Corning Glass Works 
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Fig. 3-15. Composite tele- 
vision receiver. A shows 
modules, B is rear view show- 
ing printed board. (Photo 
courtesy ACF Electronics) 


Fig. 3-14. A1001 linear amplifier schematic 
(A) and assembled module (B). Open 
squares in schematic denote bottom con- 
nection; square with inverted V denotes 
top and bottom connection, (Drawings 
courtesy Aerovox Corp.} 


er units are developed. For example, several resistors 
and capacitors can make up a package which is used 
very often in modular circuits—indeed in almost all cir- 
cuits. If a package is made up of these several compo- 
nents, it can be used frequently in different circuits. This 
is the concept of the “super-component”—the group of 
individual components mounted as a unit and treated as 
a unit in purchasing, manufacturing, and servicing the 
completed equipment, The printed-circuit module could 
contain several super-components or components pack- 
ages. 

Modules based upon the National Bureau of Standards 
study of standard circuits are now available from two 
firms* for rapid circuit building. These units have wide 
application and are an indication of the use of modular 
construction. 

Fig. 3-14 shows a general-purpose R-C-coupled ampli- 
fier with a gain of 40 db at 0.1 v (rms) input. The fre- 
quency response variance from 30 cps to 100 ke lies with- 
in 1 db. As shown in the legend, the top and bottom con- 
nections may be identified from the schematic. 

Applications of this modular construction include audio 
amplifiers, decade counters, if amplifiers, video ampli- 
fiers and television receivers in addition to the original 
Tinkertoy production. A television receiver, designed and 
constructed to demonstrate the feasibility of such modu- 
lar construction is shown in Fig. 3-15. This is one large 
printed-wiring board on which 17 Compac** modules are 


* ACF Electronics, Aerovox 
** ACF Electronics 
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Fig. 3-16. Covered printed circuits. A 
shows wiring stacked and encapsulated; 
B shows exposed and wrap-around ter- 
minals; C shows molded lugs and termi- 
nals. (Drawings courtesy Sanders Asso- 
ciates, Inc.) 


mounted through square holes. Wires from the modules 
meet the printed wiring just as with the other compo- 
nents. There are 195 components (plus the tuner) on this 
receiver. Of this number, 153 are a part of the 17 mod- 
ules or an average of nine components per module. The 
42 components not a part of the modules are such items 
as power transformers, large resistors or capacitors, and 
parts which require tuning. 

Construction of this type is well adapted to completely 
mechanized assembly. Manufacturers can purchase such 
modules to fit the needs of their equipment. 


Covered Circuits 


One company* has developed a method of producing 
the printed circuit with a plastic coating** which pro- 
vides added protection and strength. As shown in Fig. 
3-16 several layers of printed wires can be used one on 
top of the other with interconnections. This provides a 
greater flexibility in the layout. This “sandwich” method 
allows for direct paths, which are imperative in UHF and 
microwave circuits. 

The printed wiring can be wrapped around the edge 
of the board as shown in Fig. 3-16, B, permitting con- 
nections from one side of the board to the other. This 
is done by applying the copper wiring to a thin plastic 
sheet which is then bonded to the base material. If de- 
sired, one end of the wrapped wiring can be exposed and 
used as the plug-in connection. 


Sanders Associates 


** Kel-F, a fluorocarbon plastic, M. W. Kellogg Company 
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Fig. 3-17. Shaped one 
foil. (Photo courtesy Pho- 
tocircuits Corp.) 


When wiring is printed on the thin plastic sheet and 
bonded to the base, it is possible to mold small contacts 
at the same time. This is indicated in part C of Fig. 3-16. 
Contacts of different length and size provide various 
means for connections to the printed circuit. 


Other Types 

One can almost say that any electrical equipment has 
a potential application for printed wiring. Among the 
varied uses are industrial controls, heating pads, area 
heaters, and automobile dashboards. All of these are 
under active investigation and in at least pilot produc- 
tion by several manufacturers. One variation of printed 
circuits is to use a thin flexible insulating base so that 
the final product can be folded to fit into a case. Trans- 
formers have been made using a flat series of coils which 
are then folded into place on the core. Cylindrical shapes 
(Fig. 3-17) are being used to save space in certain air- 
borne military electronics. 

In England, a compact package of equipment has been 
produced by printing a long flat circuit and attaching 
the required components. The printed-circuit is then 
folded to fit into its case. When repairs are needed the 
circuit is unfolded. This technique requires special design 
and care in layout to avoid hot spots in operation or 
damage during folding. 

One of the newest uses of printed wiring is in this 
multi-contact meter-relay (Fig. 3-18). This meter has a 
D’Arsonval movement with printed wiring replacing the 
meter scale. There are contacts on the pointer to com- 
plete the circuit through the printed scale. There are 
two types of scales; in one type the scale is divided into 
segments along a single band. Ten segments are standard 
(maximum is 30) and a light or relay is required for 
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Fig. 3-18. Printed scales for multi-contact meter re- 
lay. A shows meter-relay construction, B shows one- 
band scale, C shows multi-band scale, D shows com- 
bination scale. (Drawings courtesy Assembly Prod- 
ucts, Inc.) 


each segment. In the second type of scale there are several 
bands (maximum of 6) and a light or relay is required 
for each scale. This multi-band scale produces a modified 
binary output thus functioning as a simple analog-to- 
digital converter. 

When the read-out coil is energized, it pulls the pusher 
bar and contacting pointer to the printed scale. The coil 
can be operated automatically or manually. Two readings 
a second is the fastest current rate of operation. 


Make Your Own 


Many engineers will want to experiment with their own 
printed circuits. A pencil line made by an ordinary 
graphite pencil, the common “lead pencil”, will produce 
a high-value gridleak resistance in an audio amplifier 
circuit. An ordinary pencil line, about one inch long and 
drawn on an insulating surface will measure about a meg- 
ohm. A thick pencil line, the same length and about 14” 
wide, will measure about 300,000 to 400,000 ohms. 

It is not possible to save time by using your own 
printed circuits, for their preparation requires more time 
than conventional wiring. But the knowledge to be gained 
is valuable in understanding commercial printed circuits. 
Several simple techniques are discussed below. 


PAINTED CONDUCTORS 


A silver paint can be used to paint lines on a plastic 
base such as a phenolic board. Circuit layout should be as 
direct as possible. If cross-overs are avoided, production 
will be simplified. Resistive paints are available and can 
be used to paint resistors just as the wires are painted. 
Experimentation is required for painted resistors because 
the resistance values depend on the length and thickness 
of the paint. 
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PUNCHED WIRING 


A thin sheet of brass (between 0.001” and 0.003” 
thick) is first bonded to a plastic base with adhesive. 





For experimentation almost any type of plastic dielectric 
material will do. Both surfaces must be cleaned before 
bonding and the type of glue depends somewhat on the 
plastic base which is used. 

After the circuit is laid out on paper, it is transferred 
to the brass. The sections of excess brass are removed 
by cutting with a sharp knife. When the extra glue is re- 
moved and the holes are drilled, the circuit is complete. 


SUBTRACTIVE ELECTROLYTIC FORMING 


One near-commercial method is to take ordinary paint 
and brush-in those areas where metal is desired in the 
final circuit. If several boards are desired, a stencil will 
be convenient. A bath is made from water with a small 
amount of sulfuric acid carefully added to the water. 
Using the brass plate as the anode, and any other metal 
as the cathode, place about 6 volts across the circuit. If 
a large enough sheet of metal is used for the cathode, a 
reasonably uniform removal of brass will take place. Dur- 
ing the cleaning, any remaining glue and paint should 
be removed. 


ADDITIVE ELECTROFORMING 


The desired circuit can be painted on a plastic base 
surface with a conductive paint. In some cases, a soft 
graphite-lead (ordinary) pencil will serve the purpose. 
In a plating solution of copper-sulphate, a copper plate is 
used for the anode and the circuit board is the cathode. 
Electrical connections must be made to every line of the 
circuit to be coated. Light lines, easily removed later, 
may be used to make the circuit one complete electrical 
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Fig. 3-19. Printed-circuit kits. (Top photo courtesy 
Techniques, Inc.; bottom photo courtesy Photocir- 
cuits Corp.) 


path. A low voltage, about 1 to 114% volts, is used and a 
heated solution will produce better copper plating. For 
experimental work such as this, the plating is continued 
until a thickness of about 0.005” is obtained, although 
thinner platings are used commercially. Some companies 
have made these and other experimental methods avail- 
able in kit form (Fig. 3-19) for use in preliminary cir- 
cuit development. 


References 


The references listed below are representative of sour- 
ces for materials for printed circuits. 


Copper-clad sheets 

Mica Insulator Co., 797 Broadway, Schenectady 1, N. Y.; Conti- 
nental Diamond Fibre Co., Newark, Del.; Formica Corp., Cincinnati 32, 
Ohio. General Electric Laminated Products Dept., Coshocton, Ohio, 
Westinghouse Electric Corp., Micarta Div., Hampton, S. Carolina. 
Conductive paints i 

General Cement Mfg. Co., 919 Taylor Ave., Rockford, Ill.; Micro- 
Circuits Co., New Buffalo, Mich.; Handy and Hardman, 82 Fulton 
St., New York, N. Y. 
Resistance paints 

Interelectronics Corp., 2432 Grand Concourse, New York, N. Y.; 
Micro-Circuits Co., New Buffalo, Mich, 
Connectors 


U. S. Components, Inc., 454 E. 148 St., New York, N. Y.; Win- 
chester Electronics Inc., Willard Rd., Norwalk, Conn.; Continental 
Connector Corp., 3030 Northern Blvd., Long Island City, N. Y.; Viking 
Electric, 21341 Roscoe, Canoga Park, Calif.; ELCO Corp., M St. below 
Erie Ave., Phila. 24, Pa. 

Kits 

_Tele-Diagnosis Co., 155 W. 72nd St., New York 23, N. Y.; Tech- 
niques Inc., 135 Belmont St., Englewood, N. J.;: Consultants for In- 
dustry, 273 E. 175 St., New York, N. Y.; Harcon Electronikits, 
Brandywine, Md.; Photocircuits Corp., New St, Glen Cove, N. Y. 


Following chapters include: 


Components (in next issue) 

UHF Applications 

Circuitry, including packages 
Production, including automation 
Servicing 
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LOWEST ULTIMATE COST 


How potentiometer and system 
costs depend on performance 


The lowest ultimate cost of your electronic system can hinge on your 
selection of reliable potentiometers from a dependable manufacturer. 
You want to design the system to take full advantage of the 
potentiometer’s capabilities. But you can’t do this if potentiometer 
performance is variable. Consistent performance means meeting your 
specifications, whether you're buying samples or production 
quantities. It also means standing up to the environmental 

and life factors of your application. 


Reliability is the key to lowest ultimate cost and you can only get 
that with quality design, manufacturing skill and quality control. 


That's why Fairchild insists on incoming materials inspection, 
sub-assembly and final inspection, plus performance testing, and P .. \ 
environmental testing to destruction of random samples. Thus, no \ 

matter what factors govern your choice of potentiometers, you'll , 

find the lowest ultimate cost in Fairchild’s complete line. 


Write for catalog to Dept. 140-84X, Fairchild Controls Corporation, 
Components Division: 


What goes on inside the potentiometers 
you buy? The working parts look 
simple enough — but only rigid testing 
can predict how they will perform in 
service. Fairchild’s comprehensive 
p sem! control program assures you of 
ependable performance. At the left, 
a typical continuous recorder trace 
shows how the linearity of Fairchild 
potentiometers is verified. Every 
Fairchild unit is also tested for noise, 
voltage breakdown and total resistance. 
And every type is completely tested in our 
own environmental testing laboratories. 


veo iiioamspen —fAIRGHILD 


225 Park Avenue 6111 E. Washington Blvd. PRECISION POTENTIOMETERS 


Hicksville, L. 1., N. Y. Los Angeles, Calif. 


For more information circle 18 on inquiry card. 
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Fig. 1. Map shows position of master station at 
N. Carolina beach, slave | at Carrabelle, Fla., 
slave 2 at Forestport, N. Y., and representation 
of fix lines. 


PRECISION MULTI-PURPOSE RADIO NAVIGATION 


WILBERT P. FRANTZ 
WALTER N. DEAN 
ROBERT L. FRANK 


Microwave-Electronics Division 
Sperry Gyroscope Company 


ODERN high-speed air and marine transporta- 
tion needs a precise long-range navigation sys- 
tem. CYTAC is one system, suitable for termi- 
nal area and enroute control of aircraft, that can 
provide high-accuracy positional data for both air and 
marine use. The system was developed and _ field 
tested under a contract with Rome Air Development 
Center and Wright Air Development Center of the 
Air Force. It is manufactured by Sperry Gyroscope Co. 
The principle used is essentially an extension of the 
principles of Loran, which is in use in the Atlantic and 
Pacific as a long-range aid to marine navigation. In 
operation, master station (Fig. 1) transmits pulses 
of radio frequency at a uniform repetition rate. Two 
slave stations transmit similar pulses and synchronize 
their transmission with the masters. A receiver in the 
service area measures the time differences between 
arrival of the master pulse and each of the slave’s 
pulses, and obtains a positional fix at the crossing 
of the appropriate lines of position. Synchronization 
at both slaves and at the receiver is by ground wave 
only. 
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Fig. 2. Estimated and observed CYTAC fix er- 


rors in the service area. 


The CYTAC system differs from standard Loran in 
three major ways: First, CYTAC achieves longer 
range, particularly over land, by using low-frequency 
transmission within the internationally allocated band 
90 to 110 ke, compared with the band just below 2 mc 
for standard Loran. Second, higher precision is ob- 
tained by comparing the phase of the r-f cycles within 
the received pulses relative to those within the master 
signal; the instrumental accuracy of CYTAC is ap- 
proximately 0.2 to 0.3% of the period of the radio 
frequency, or 20 to 30 milliysecs, Third, CYTAC in- 
strumentation is automatic in operation, which elim- 
inates inaccuracies due to personnel error. 

CYTAC also differs from the low-frequency Loran 
system tested ten years ago. First, sufficiently sharp 
rising pulses achieve a pulse-envelope time measure- 
ment of sufficient accuracy to resolve ambiguities of 
r-f cycle phase measurement and to achieve separation 
of ground and skywave to permit measurement on a 
single signal component. Second, a lower frequency 
(100 ke compared to 180 kc) is employed, which 
greatly improves over-land coverage. Third, the auto- 
matic instrumentation incorporates advanced detection, 
filtering and measuring techniques. 

At any considerable distance, the displacement for 
a given error varies directly with distance, and in- 
versely with the length of the baseline. From this 
expression, the advantage of long base lines for a 
system becomes apparent. As long as the ratio of 
distance to baseline is small, the accuracy is high 
and relatively constant. 
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HUNDREDS OF N. MILES 


Fig. 3. Fifteen stations, arranged in squares, can 
provide a continuous all-weather air and sea nav- 
igation umbrella over entire U. S. and adjacent 
sea lanes. 


Constant accuracy contours for a typical hyperbolic 
triad are shown in Fig. 2. A fourth station, providing 
area coverage, can be added to form a “star chain”, 
or a square. The square configuration provides the 
best geographic fix for a given timing error within 
the square. If the coverage area within the square is 
large, the baselines will be long compared with the 
distances from the receiver to the four transmitting 
sites. 


Proposed Station Configurations 
Fig. 3 shows a possible coverage of the United States 
by means of fifteen stations arranged in squares. It 
provides high-accuracy area coverage with a long- 
baseline hyperbolic system. The ranges are modest 
compared with the ranges obtained in the field evalua- 
tion tests, providing a substantial -safety factor. 


Aircraft Receiver 
The only equipment which has been built and tested 
has been experimental and contained classified func- 
tions not required for a general-purpose navigation 
system. The experience with this equipment indicates 


that a 40- to 50-lb airborne receiver can have instru- 


mental accuracies of a few hundredths of a micro- 
second. This receiver will automatically search for, 
and lock on, the signals and automatically present 
the time-difference-number of pairs of lines of posi- 
tion. 


For more information circle 202 on inquiry card. 
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WHY WE MAKE THIS 






FREE BOOK OFFER 


. - - because we want you to see how a subscription to Instruments 
and Automation can increase your knowledge and efficiency, and 
help you to understand and successfully apply new as well as stand-" 
ard procedures in the use of instrumentation and automatic control, 


whatever your field of industry. 


In one year I & A brings you more than 2000 
pages of instrumentation and control data, plus 
the annual I & A Handbook & Buyers’ Guide, 
which lists all instrument, automatic control, 
and allied devices manufactured by ALL com- 
panies (over 3000) in the field. It’s the only 
buying directory listing only such products. It’s 
available only to I & A subscribers, as part 2 of 


the October issue . . . IT WILL NOT BE SOLD 
SEPARATELY. 


We think you’d find a subscription to Instru- 
ments and Automation (now in its 30th year) 
a profitable and wise investment... don’t wait, 
subscribe todav . .. and do it this easy way, 
while you earn the book(s) of your choice: 


GET ANY OR ALL OF THESE BONUS-BOOKS 
—FREE OF CHARGE— 


You can have FREE of cost any book 
listed on the following two pages... 
or any combination of Bonus-Books . . . 
or all of them .., merely by sending us 
the quantity of new subscriptions to 
INSTRUMENTS & AUTOMATION 
shown along side of each selection. Be 
sure to supply complete title or position, 
and company connection information 
pertaining to all your subscribers to avoid 
delay in getting your Bonus-Books! 


As soon as we receive your subscrip- 
tions, with their remittance, we will send 
to you by return mail the GIFT Bonus- 
Books to which you are entitled as group 
organizer; or, we can bill you when we 
receive your subscriptions, and send 
your GIFT Books as soon as we receive - 
payment. 3 

Send the subscriptions and your Bonus- 
Books selections to: INSTRUMENTS & 
AUTOMATION, 845 Ridge Avenue, 
Pittsburgh 12, Pa. 


REMEMBER: If you get 5 or more of your friends to subscribe to INSTRU- 
MENTS & AUTOMATION you can offer them the money-saving Group 
rate of only $2 a year each . . . saving each subscriber 50%! If you want, you 


can extend your own subscription, and apply it against your Bonus-Books! 

































































FOR YOUR OWN LIBRARY 
ON AUTOMATIC CONTROL 


Bonus +!—Control Valves, by Chester Beard—Value $2.00—Yours for B 
2 annual subscriptions to Instruments & Automation. ni 


Just off the press—first and only book on the subject of control valves and actuators. Pro- St 
fusely illustrated. 

Bonus ##2—One Hundred Electronic Circuits, by M. H. Aronson and C. F. 

Kezer—Value $2.00—Yours for 2 annual subscriptions to | & A. B 
First compilation of 100 basic circuits complete with all specifications and values. Includes V 
power supply, oscillator, instrument, pulse, phase shifter, and other circuits. 

Bonus +3—The Handbook of Measurement and Control, by M. F. Behar, 

et al—Value $2.00—Yours for only 2 annual subscriptions to | & A. 

Describes methods, outlines classifications, explains operating principles, and gives char- B. 
acteristics in chapters on temperature, pressure, flow, physical testing, gaging, valves, etc. C 

Bonus Ragas pnd Handbook Il, edited by M. H. Aronson—Value $2.00— 

Yours for only 2 annual subscriptions to | & A. 

Clear introduction to the entire field of electronic computers and data processors. Eleven B. 
chapters, based on presentations delivered at the Second Computer Clinic. Ss 

Bonus +5—Process Control, by A. J. Young, Imperial Chemical Industries, 

Ltd__Value $2.00—Yours for 2 annual subscriptions to | & A. 

pein F yhe An excellent book for the plant engineer, chemist, or instrument engineer. Explains basic B. 
principles without use of advanced mathematics; takes frequency-response approach to b 
process control. ) 

m 

Bonus #6—Applications of Industrial pH Controls, by Allen L. Chaplin 

—Value $2.00—Yours for only 2 annual subscriptions to | & A. 

Chapters on process lags, typical and approved installations, pH regulator, reagent feed B 
device, are of specia! interest to process control engineers. 4 
Ce 

Bonus +7—The Automatic Factory—A Critical Examination, by June, 

Bardis, Lurio, Polaner, Sagedahl, Sklenar, and Yenkin—Total Value $1.50— 

Yours for only 2 annual subscriptions to | & A. Be 

M 


Serialized in | & A, the valuable addition to "Automation" literature bridges the gap 
between theoretical concept and actual industrial developments, presenting factual case sc 
study treatments on cost and other factors. 


Bonus ++8—Combined Proceedings of Fourth and Fifth Annual Conferences ? 
on Instrumentation for the lron & Steel Industry—Value $2.00—Yours for only El 
2 annual subscriptions to | & A. 

Valuable to all concerned with measurement, control, gaging, inspection and testing in 

processes and products of the steel industry. Be 

Be 

Bonus #+9—Nuclear Reactors for Industry & Universities, edited by Ernest H. “ 
Wakefield—Value $2.00—Yours for 2 annual subscriptions to | & A. 

Nationally kncwn authorities in nuclear energy authored the various chapters for this Bc 

volume Yi; 


Bonus #10—Elementary Engineering Electronics, by Andrew W. Kramer 
—Value $1.00—Yours for only | annual subscription to | & A. 


An excellent book, which sets forth in simple language the fundamental principles of elec- 
tron tubes and their applications in industry. 


Bonus +1 1—Maintenance and Servicing of Electrical Instruments, by James 
Spencer—Value $2.00—Yours for only 2 annual subscriptions to | & A. 


This third edition is a must for all instrument users, engineers, servicemen, etc.; also covers 
construction, testing, and applications of all electrical instruments. 


Get your friends and associates to subscribe . . . 
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REMEMBER: If you get 5 or more of your friends to subscribe to INSTRU- 
MENTS & AUTOMATION you can offer them the money-saving Group 
rate of only $2 a year each . . . saving each subscriber 50%,! If you want, you 
can extend your own subscription, and apply it against your Bonus-Books! 


Bonus #12—Scientific and Industrial Glass Blowing and Laboratory Tech- 
nique, by W. E. Barr and V. J. Anhorn —Value $6.00—Y ours for only 5 annual 
subscriptions to | & A. 


A volume of unexcelled reference material, and the most informative book on‘glass blow- 
ing ever prepared. Explains construction details and operating principles. 


Bonus +13—The Electronic Control Handbook, by Ralph R. Batcher and 
William Moulic__vajue $2.00—Yours for 2 annual subscriptions to | & A. 


This book presents principles for use in automatic control and regulation ... . Points out 
the versatility of the electronic system and how it can be used for almost any kind of 
control. 


Bonus +14—Mechanical Measurements by Electrical Methods, by Howard 
C. Roberts __Value $2.00—Yours for only 2 annual subscriptions to | & A. 


An exceptionally useful book for engineers and others desiring a sound foundation in 
electrical gaging methods in mechanical measurement and automatic control. 


Bonus +15—Operation and Care of Circular-Scale Instruments, by James 
Spencer __Value $1.50—Yours for 2 annual subscriptions to | & A. 


. of great value to all those whose problem it is to keep in operation the electrical 
instruments on vital production equipment.” 


Bonus + 16—Heat Inertia in Problems of Automatic Control of Temperature, 
by Victor Broida__Valye $1.00—Yours for | annual subscription to Instru- 
ments & Automation. 


A valuable addition to your automatic temperature control bookshelf; book is based on 
concept of "fictitious mass" of heating process unit under automatic control. 


Bonus ##17—Two Volumes —Total Value Foe na ge for only 3 annual subscriptions to 1&A: 
Heat Inertia in Problems of Automatic Control of Temperature, by Victor Broida, and Appli- 
cations of Industrial pH Controls, by Allen L. Chaplin. 


Bonus #+18—Two Volumes —Total Value $3.50—Yours for only 3 annual subscriptions to 1&A: 
Maintenance and Servicing of Electrica Instruments, and Operation and Care of Circular- 
scale Instruments—both by James C. Spencer. 


Bonus +19—Three Volumes —Total Value $5.00—Yours for only 4 annual subscriptions to 1&A: 
Aronson & Kezer’s "One Hundred Electronic Circuits," Kramer's “Elementary Engineering 
Electronics," and Batcher's “The Electronic Control Handbook." 


Bonus #¢20—Three Volumes —Total Value $6.00—Yours for only 5 annual subscriptions to |&A: 
Beard's "Control Valves," Behar's "Handbook of Measurement & Control," and Young's 
"Process Control." 


Bonus ##21—All the bonus books—a complete instrumentation library —Total Value $33.00— 
Yours for only 15 annual subscriptions to I&A, if entered all at one time! 


You could get all these books by securing 34 subscriptions to | & A, if entered separately. 
But as a special Bonus, if you enter them all at one time, we will send you every book 
listed for only 15 subscriptions. 


SEND SUBSCRIPTIONS and 
BONUS BOOK SELECTIONS to 


Instruments & Automation, 845 Ridge Ave., Pittsburghil 2, Pa. 
Use order form on next page———> 
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GROUP SUBSCRIPTION ORDER FORM’ 
INSTRUMENTS *Regular one-year subscription price is $4.—Here's 


how the group rate saves you money on two or more 
and subscriptions sent together on one order: 


































































































































































































AUTOMATION 2 separate one-year subscriptions . . . $3.00 each 7 
“ 3 separate one-year subscriptions . . . $2.50 each 
845 Ridge Avenue 4 separate one-year subscriptions . . . $2.25 each 
Pittsburgh 12, Pa. 5 separate one-year subscriptions . . . $2.00 each 
ENTER | year subscription to INSTRUMENTS & AUTOMATION for the following at the money-saving = — 
see above 
(1) Remittance is attached totaling $.... [] Please bill me. 
—And send my Bonus-Book selections as indicated below. 
(Please PRINT — and be sure complete information is filled-in to avoid delay.) 
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Home [] Home [] 
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SE ea RE EEE AN iad City.. i Bai State 
ET Ii cccsacehncsnichnipscbauibseebnihangdbrenensianes IND: MUNI... cha lucsnetiiisatintoteatinnlinnteieial oo 
Nature of Nature of Pit 
a Business ......... 
Pl 
| CAE ae Title. ois: IRI a a ... Title 0 
Home [] Home [] 
Address Company [].. Address Company [] cc 
City... ok a eee Sea ane ea Nae eR EET es % City... Zone.. State @ 
Company name. Company name... Oo 
Nature of Nature of 
Business : Business 
PLEASE USE ANOTHER SHEET FOR ADDITIONAL SUBSCRIPTIONS 
Send my BONUS-BOOK selections numbered: To: 
Name 




















oo “- GE cisticciessenaatins 











jen Maes ea 
START TODAY - - - AND BUILD YOUR AUTOMATIC CONTROL LIBRARY! 












* ... the most concise, yet complete 
coverage of the field of computing 


and data processing.” 


The First 


COMPUTER 
HANDBOOK 


and 


The Second 


COMPUTER 
HANDBOOK 


Include: 


Industrial Uses of Special-Purpose 
Computers 


Industrial Uses of Analog Computers 


Computer Control of Rolling Mill 
Schedule 


A Practical Approach to Analog 
Computers 


Process Control and the Analog Com- 
puter 


Digital Computers—General Purpose 
and DDA 


Magnetronic Data Handling 


Basic Applications of Analog Com- 
puters 


Data Processing with a Quasi-Ran- 
dom-Access Memory 


The UNIVAC and UNIVAC Scientific 


LGP-30 General Purpose Digital Com- 
puter 


Electronic Data Processing Machines 
The G-I5 Digital Computer 
Office Automation 


$2.00 each, postpaid 





Instruments Publishing Company 
845 Ridge Avenue, 
Pittsburgh 12, Pennsylvania 


Please rush me 


[] The First [] The Second [] Both 


COMPUTER HANDBOOK (s) 
@ $2.00 each 


(] payment enclosed 


WEE | sibeccasminsisedinitica tesa 


Address 


C1 bill me 
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SURFACE TEMPERATURE 
RESISTORS FOR 
TEMPERATURE TELEMETERING 


Lae 






Surface temperatures are readily monitored in wide 
range of applications. 


EMPERATURES. of surfaces, including missile 

and aircraft surfaces, can be measured with a 

new Trans-Sonics Tape-on® resistor. These are 
precision resistance thermometers with a platinum re- 
sistance winding as the sensing element. As thin as a 
piece of tape, they can be applied to any surface (see 
Figs.) simply by pressing a piece of pressure-sensitive 
Mylar tape over the resistor and on to the surface. 
The surface can be flat or curved with small or com- 
plex radii. Because of high input impedance, these 
resistors can be used directly as the modulating input 
to a standard telemetering transmitter. 


Each type 1371 surface temperature resistor is in- 
dividually calibrated and is supplied with a 5-point re- 
sistance vs. temperature calibration chart. The 5 points 
are calibrated in 25% increments over the operating 
range of the transducer. 


A series of resistance thermometers is available for 
use from —300° F to +400° F, each with a 200 F° 
range and a resistance change of 100 ohms over the 
200 F° operating interval. Other resistors are avail- 
able to operate at temperatures up to 900° F. Inter- 
changeability with other Trans-Sonics temperature 
transducers is facilitated by their uniform tempera- 
ture-resistance characteristics. 


Maximum continuous current rating is 20 ma, but 
peak currents of approximately 60 to 70 ma may be 
used in a commutator circuit where the duty cycle is 
sufficiently small (conducting 1 part in 36) to pre- 
vent overheating. 


® Trademark Trans-Sonics, Inc., Burlington, Mass. 
For more information circle 203 on inquiry card. 























































miniature solderless taper-pin connectors 


















































PUSH the socket-end wires onto the specially-designed taper pins... 
PUSH the male and female connectors together . . . lock into position 
... and 34 complete connections have been made in record time! New 
taper-pin method eliminates time-consuming solder connections, pro- 
vides a snug friction grip which won’t disengage—until you want it to. 
Melamine, diallyl phthalate (blue) or alkyd molding compounds offer 
top electro-mechanical performance; connectors meet or surpass MIL-Q 
5923B and MIL-C 8384 specifications; 100% testing and inspection. 


Miniature connectors available in: Draw-pull ... Screw Lock* ... Hex. 
For use with AMP “37” taper receptacles. 
Your specific inquiries will be given prompt attention. 
*Pat. No. 2,761,108 additional patents pending 






U.8.C._CONNECTION PERFECTION 
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Table 9—Characteristics of Electronic Computers 
























































COMPUTER Mfgr. Price Number Word Internal Input Output 
System Size Storage 
Alwac III-E Alwac $48,000 Binary 32 bits Mag. drum Flexowriter Flexowriter 
Corp. Mag. tape Punched card Punched card 
Paper tape Paper tape 
- Mag. tape Mag. tape 
Alwac 800 do $200,000 Decimal 12 digits Mag. core Mag. tape Speed printer 
system Mag. drum Punched card Punched cards 
Mag. tape Paper tape Paper tape 
Keyboard Mag. tape 
Flexowriter Flexowriter 
G-I5A Bendix $44,800 Binary 29 bits Mag. drum Typewriter Typewriter 
Aviation $1350/mo. Paper tape Paper tape 
rent Magnetic tape Magnetic tape 
G-15D do $49,500 Binary 29 bits Mag. drum Typewriter Typewriter 
$1485/mo. Paper tape Paper tape 
rent Magnetic tape Magnetic tape 
Punched card conv. Paper tape punch 
Punched card conv. 
DA-1(DDA) do $13,700 Binary 28 bits Mag. Drum Graph plotter/ Graph plotter 
$555/mo. follower G-15D output 
rent (4+G- G-15D input equipment 
15D equipment 
E-101 Electrodata $38,000 Decimal 12 digits Mag. drum Punch tape Punched tape 
Div. of $1000/mo. Accounting Accounting 
Burroughs Corp. _rent Machines machines 
Datatron do $135,000 Decimal 10 digits Mag. drum Keyboard Flexowriter 
$3900/mo. Punched Cards Punched cards 
rent Paper tape Line printer 
Magnetic tape Magnetic tape 
LGP-30 Royal McBee $39,600 Binary 32 bits Mag. drum Flexowriter Flexowriter 
Corp. $1100/mo. 
IBM 650 International $3750/mo. Decimal 10 digits Mag. drum IBM cards IBM cards 
Business rent-to Mag. cores Mag. tape Printer 
Machines . $20,000 Disk storage Mag. tape 
IBM 701 do $17,000/ Binary 36 bits Mag. drum IBM cards IBM cards 
mo. rent or Electrostatic Mag. tape Printer 
18 bits Mag. core Mag. tape 
740-CRT 
780-Display 
IBM 702 do $25,000/ Decimal Variable Mag. drum IBM cards IBM cards 
mo. rent Electrostatic Mag. tape Printer 
Mag. core Mag. tape 
IBM 704 do $35,000/ Binary 36 bits Mag. core IBM cards IBM cards 
mo. rent Mag. drum Mag. tape Printer 
Mag. tape 
740-CRT 
780-Display 
IBM 705 do $30,000/ Decimal Same as Mag. core IBM cards IBM cards 
mo. 702 Mag. drum Mag. tape Printer 
Mag. tape 
Univac | Remington $25,000/mo. _Binary- 12 digits Acoustic Cards, Mag. tape to cards, 
Rand coded delay line Paper tape, Paper tape, 
decimal Mag. tape Printer 
Typewriter 
Univac Il do $30,000/mo. _Binary- 12 digits Mag. Cards, Mag. 
coded cores Paper tape, tape to cards, 
decimal Typewriter Paper tape, 
to mag. Speed 
tape printer, 
Typewriter 
Univac do $32,500/mo. _ Binary 36 bits Mag. cores Mag. Cards 
Scientific Mag. drums tape Paper tape 
i 103A Cards Mag. tape 
Paper tape 
Monrobot Monroe Calc. $75,000 Decimal 20 digits Mag. Drum Flexowriter Flexowriter 
Mach. Co. 
Readix J. B. Rea Co. $98,000 Decimal 10 digits Mag. drum Flexowriter Flexowriter 
Punched tape Punched tape 
Mag. tape Mag. tape 
IBM cards IBM cards 
Point plotter 
Elecom 50 Underwood $25,000 Decimal 10 digits Mag. drum Accounting Accounting 
Corporation ¥ machines machines 





152 





MILTON H. ARONSON 
MILITARY AUTOMATION 


and 


MARTIN L. KLEIN 


North American Aviation, Inc. 








ORE than a score of intermediate capacity 
digital computers are now available com 
mercially as shown in Table 9, and each 

emphasizes certain features such as flexibility, eas 
of setup, speed of operation, etc. However, all have 
the basic components shown in Fig. 23. 


Input Equipment 
A listing of available input equipments in order 


of speed of operation is as follows: 


. Keyboard 

. Electric typewriter 

. Punched (Hollerith) cards 
. Perforated tape 

. Magnetic tape 


Ohwn-— 


Table 10—Memory Cost (per Bit) vs Access 





Time 
Access 
Cost _— Time, 
Per Bit Sec. 
1. High-Speed Random Ferrite Cores $1.00 io 
Access Cathode-Ray Tube $1.00 107 
Vacuum Tubes $10.00 of 
2. Medium Access Magnetic Drums $0.01 1o~ 
3. Slow Access Magnetic Tape $0.000!1 0 
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In previous issues we learned basic digital codes 
and techniques. Now let us program five leading 


medium-size general-purpose computers for a sim- 
ple arithmetic operation. This is a powerful 
introduction to general-purpose computation. 


DIGITAL TECHNIQUES 
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COM: 
each 
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Some computers are designed for use with only 
one type of input; others will accept several types. 


Memories 


The memory is the device that stores the data 
within the computer, including the input data, 
intermediate results, output data, etc. The ideal 
memory would have infinite capacity (number of 
bits of information) and zero access time (time to 
reach any one desired bit of information). How- 
ever, capacity and access time are mutually in- 
compatible—one is gained at the expense of the 
other. Thus combinations of memories are used— 
with tape or cards being used where large capacity 
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is required, and drums or storage tubes being 
used for rapid access to whatever data is needed at 
the moment. Fig, 24 shows how a tape, a drum, 
and a high-speed random-access memory can be 
used with one arithmetic element in a computer. 
Table 10 gives orders of magnitude of access time 
and cost. Cost is usually expressed in terms of 
cost/bit, with 4 to 7 bits being required to represent 
one decimal digit in a data-processing system. 

Fig. 25 shows typical memories, including drums, 
tape handlers and storage tubes. 

Perhaps the latest developments in the field of 
memory devices are those involving quasi-random 
access. Here tape is used in ingenious arrangements 


Fig. 23. All digital computers have these basic elements 
— input-output elements, storage device, arithmetic 
unit, and control unit. 
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Fig. 24. Use of a combination of memories. 


ry unit. 


IBM machine. 


Fig. 25A. UNI- 
VAC core memo- 


Fig. 25C. Cathode- 
ray tubes for elec- 
trostatic storage in 


Fig. 25B. LGP-30 magnetic-drum 
memory has 64 heads, each of which 
can record 64 words of information. 


pcstteceeancttttpntne 


Fig. 25D. IBM tape handlers can 
introduce or record data at rate 
of 12,500 digits a second and have 
a capacity in excess of 2,000,000 
digits per tape. 
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MAGNETIC MEDIUM 


ROTATING DRUM 


WRITING AND 
READING HEADS 


so that access can be made to any one spot on the 
tape much more rapidly than can be achieved by 
conventional tape handlers. Fig. 26 and 27 show 
two of these late developments. In the “Tape 
DRUM,” about 200,000 bits can be stored on one 
“page” (section of tape being scanned by pickup 
heads located on the rotating drum). Many pages 
can be used to extend the storage capacity to 100 
million bits of information or more. 

Fig. 26 shows the new RAM random-access 
memory device in which 500 million bits can be 
stored in a relatively small cabinet. Bits are stored 
on strips of tape, mounted vertically on a frame. 
By selecting one frame (or “page”), raising it 
vertically, and positioning the pickup heads hor- 
izontally, any one selected bit or word bits can 
be reached within 1% second average access time. 






Fig. 26. Front view of RAM with 
skin removed to show construction 
features. One page is shown raised 
into position for reaching the low- 
er-most data location. To extreme 
right are solenoid-operated valves 
that direct air pressure to appro- 
priate sides of access cylinders for 
positioning. The page-selection 
(x-motion 10-cylinder) system is 
visible through framework as are 
the page lifting (z-motion) cylin- 
ders. Cylinder motion is trans- 
mitted to the access mechanism 
by means of steel tapes. The stor- 
age compartment is pressurized to 
prevent accumulation of dust on 
recording surfaces. 


Programming a Computer 

The steps in using a computer are: 

1. State the problem. 

2. Select the mathematical procedure, perhaps by 
numerical analysis. 

3. Prepare a flow diagram. 

4. Write each command in proper code. 

5. Assign location for each command and each 
bit of data. 

6. Run program through computer. 

7. Debug the program by finding mistakes in 
each step. 

Libraries of programs or parts of programs (sub- 
routines) can be filed for use in similar programs, 
reducing the preparation and debugging time re- 
quired, 


Fig. 28. Bendix Model G-15D provides a versa- 
tile general-purpose computer in combination 
with a digital differential analyzer. 


Fig. 29. Cross sec- 
tion of the G-1I5 
magnetic drum. 
Each of 20 "long" 
lines. or circumfer- 
ential tracks, con- 
tains 108 words of 
29 bits. Rapid-ac- 
cess storage con- 
sists of four short" 
4-word lines; the 
arithmetic regis- 
ters are a |-word 
line and three 2- 
word lines. The 
read and write 


Fig. 27. Details of TapeDRUM, showing how the mag- heads are stag- 
netic medium passes over the heads in the rotating drum. gered as shown. 





Long Line 
(108 WORDS) 


Operational Instructions 

The operational circuitry of the computer per- 
forms the desired arithmetic operations. In addi- 
tion to the basic four arithmetic operations— add, 
subtract, multiply and divide—the computer can 
have many other built-in basic instructions. 

Table 11 gives sample instruction order lists used 
for each of five low-priced, general-purpose digital 
computers; the G-15D (Fig. 28), the LGP-30 (Fig. 
35), the Alwac 111-E (Fig. 38), the E101 (Fig. 
39) and the Elecom 50 (Fig. 41). Note the key 
part of the arithmetic unit in most machines is 
called the accumulator. 


G-15D 
A cross section of the Bendix Model G-15D 


magnetic-drum memory (Fig. 29) shows how each 


COMMANDS 


Fig. 30. A 29-bit word designated as a command. The 
first bit at left (i/d) signifies whether the command is 
immediate (i) or deferred (d). The next 7 bits (T) specify 
the time of operation. Tn is the location of the next com- 
mand; ch is the characteristic operation to be performed; 
S is the source; D the destination; s/d the precision (single 


or double). The BP bit indicates a break point. 
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G-15D 


{INFORMATION TRANSFER [Torlkk|N| C | S| D 


Transfer word between addresses +, BR ©@& SS D 
(neither address a two-word register) 


ARITHMETIC OPERATIONS 











Clear and add to AR | = 4 S 28 
Clear and add absolute valueto AR T N 2 = S 28 
Clear and subtract from AR 7, @ 2.4 28 
Add to AR nat. la 
Add absolute value to AR ; = S 29 
Subtract from AR T N 3 S 29 
Store sum or difference from AR T N | 28 OD 
Clear multiplication and 
division registers x = @ om CUS 
COMMAND CHANNEL SELECTION 
Select command line and mark “we «C«WC GSC 
Select command line and return bt & & WH BI 
Take next command from AR ict =o S&S Bw FI 
SPECIAL COMMANDS 
Halt le N O 16 31 
Ring bell na wu OC VW FI 
REGULAR OUTPUT 
Type line 19 lL N O OF 31 
Punch line 19 on tape lL N O 10 31 
Punch line 19 on cards lL N O tt 31 
Type out AR lL N O O8 31 
Write on magnetic tape it w CG OF 8s 
E 101 

Instruction Operation 

+ (78) ADD contents of memory location (78) to the 
contents of the accumulator. 

— (78) SUBTRACT contents of memory’ location (78) 
from the contents of the accumulator. 

x (78) MULTIPLY contents of memory location (78) by 
the contents of the B register; answer is left in 
the accumulator. 

—(78) DIVIDE the contents of the accumulator by the 
number in the B register and store the answer 
in memory location 78. 

R(78) READ the contents of memory location 78 into 
the accumulator, leaving the number also in 78. 

W(78) WRITE the contents of the accumulator in memory 
location (78) leaving the number also in the 
accumulator. 

Al (7) SHIFT LEFT—shift the contents of the accumulator 
7 places to the left. 

A2 (7) SHIFT RIGHT—shift contents of accumulator 7 
places to the right. . 

A3 ABSOLUTE VALUE—make contents of accumula- 
tor positive. 

A4 NEGATIVE OF ABSOLUTE VALUE—make contents 
of accumulator negative. 

A5 CHANGE SIGN of the number in the accumulator. 

A* HALT machine. 

B B REGISTER—Transfer contents of accumulator 
into B register, leaving number also in accum- 
ulator. 

K KEYBOARD—Transfer contents of keyboard into 
accumulator when operator depresses motor bar. 

P PRINT contents of accumulator, leaving copy in 
accumulator. 

U(78) UNCONDITIONAL TRANSFER—Execute instruc- 
tion on pinboard 7, step 8. 

C(78) CONDITIONAL TRANSFER—Execute instruction 
on pinboard 7, step 8, if contents of accumulator 
are negative; if not, go to next step in program. 

s STEP the internal switch 

H HOME—or advance the internal switch to a give 
position. 

T TAPE input (data and instructions). 

OTHER instructions are variations of the above. 
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Table 11—Instruction Order List Showing 
Code For Each Instruction 











Code Instruction 


LGP-30 


Effect 
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Bring. Clear the accumulator, and add the 
contents of location m to it. 


Add contents of m to the contents of the 
accumulator, and retain the result in the 
accumulator. 


Subtract the contents of m from the con- 
tents of the accumulator, and retain the 
result in the accumulator. 


Multiply the number in the accumulator by 
the number in memory location m, terminat- 
ing the result at 30 binary places. 


Multiply the number in the accumulator by 
the number in m, retaining the least signifi- 
cant half of the product. 


Divide the number in the accumulator by 
the number in memory location m, retain- 
ing the rounded quotient in the accumulator. 
Extract, or logical product order—i.e., clear 
the contents of the accumulator to zero in 
those bit positions occupied by zeros in m. 


Transfer control to m unconditionally—i.e. 
get the next instruction from m. 


Test, or conditional transfer. Transfer control 
to m only if the number in the accumulator 
is negative. 


Hold. Store contents of the accumulator in 
m, retaining the number in the accumulator. 
Clear. Store contents of the accumulator in 
m and clear the accumulator. 


Store only the address part of the word in 
the accumulator in memory location m, leav- 
ing the rest of the word undisturbed in mem- 
ory. 

Return address. Add “one” to the address 
held in the counter register (C) and record 
in the address portion of the instruction in 
memory location m. The counter register 
normally holds the address of the next in- 
struction to be executed. 


Input. Fill the accumulator from the Flexo- 
writer. 


Print a Flexowriter symbol. The symbol is 
denoted by the track number part of the 
address (x). 

Stop. Contingent on five switch (Ti. ..Ts) 
settings on the control panel. 


*The address part of the instruction is denoted by m when it refers 
to a memory location, by t when only the track number is signifi- 
cant. For example, m might be 4732, meaning sector 32 of track 47. 





Alwac 
ARITHMETIC 
61 Add 
67 Subtract 
63 Minus add 


65 Minus subtract 
bd Long add 
bf Long subtract 


e7 ~=Multiply 


e5 Multiply by D 

e3 Add multiply 

el Add multiply by D 
ef Divide 

ed Divide by D 

eb Long divide 

e? Long divide by D 


ACCUMULATOR 
22 ~=Round off 
28 ClearA 


2c Absolute value 
2e Reverse A sign 
3e Complement A 


INPUT-OUTPUT 
fl Hex. in 

#3. Alphabet in 
f5 Hex. out 

#7 Alphabet out 
f9 = Sign in 

d5 Sign out 


dd Number out 


CODE 


None 


ACDE 


AEl 


AEO 


BE 


BC 


AB 


ABE 


I11-E 


COPY & EXCHANGE 


69 Exchange A and W 
49 Copy Ato W 

79 Copy WtoA 

b5 CopyMtoA 

30 Exchange A and B 

cS Copy B to W 

41 Copy WtoB 

32 CopyBtoA 

3a Exchange A and D 

c7 Copy 
5b Copy W to D 

38 CopyDtoA 

36 Exchange A and E 
c3 Copy Eto W 


D to W 


57 Copy Wto E 
34 CopyEtoA 


4d Copy address to W 


4f Copy half to W 
6d Copy Address to A 


6f Copy half to A 


71 ~~ Extract (D) 
75 = Extract 


JUMP & RELATED 


i! Jump 

13. Control jump | 
15 Control jump 2 
17 Count down 

19 Non-zero jump 
Ib Stop 





Elecom 


DESCRIPTION 


Clear the contents of the 
listed registers so that 
they contain zero after 
the operation. 


Clear the accumulator 
and the listed registers 
to zero then enter the 
contents of the keyboard 
into the accumulator and 
from the accumulator in- 
to the listed registers. 


Same as AE except that 
the entry is not from the 
the keyboard but one 


'50' 


SYMBOLIC DESCRIPTION 


(Ri) =O; 
(WI) = (WI). 
(WI (K)o: 


word from paper tape. 


Same as AE except that 
one word is punched out 
on paper tape. 


Clear the accumulator to 
zero and then add the 
contents of the listed 
registers into it. 


Subtract the contents of 
the listed registers from 
the contents of the ac- 
cumulator. 


Multiply the contents of 
the accumulator by the 
contents of the listed 
register without round- 
off. The result is left in 
the accumulator. 


Same as AB but with 
roundoff, 


Print out on main car- 
riage according to sec- 
tors set up. 


(Wi) = (WI)o —2(RI)o: 


(Wi) = (Wi). x (Rk) 
unrounded; 


(Rk) = (Rk). 


(Wi) = (WI). x (Rk) 
rounded; 


(Rk) = (Rk). 
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Fig. 31. Schematic representation of the major function- 
al components and paths of information flow in the G-15. 


of 20 long lines contains 108 words of 29 bits each; 
each short line contains 4 words. Each instruction 
or command (Fig. 30) is a 29-bit word. A schematic 
of the machine (Fig. 31) shows relationships be- 
tween functional components. 

A number of flexible programming methods en- 
able both the beginner and the expert to use the 
G-15D effectively. These various methods are as 
follows: . 

1. Simplified programming with the Intercom 
interpretive and compiling system. 

2. Machine language programming with a stand- 
ard set of commands, 

3. Advanced programming, permitting modifica- 
tion of the standard commands, in order to perform 
additional functions and to achieve minimum access 
coding. 

4. Micro-coding techniques that enable the ex- 
perienced programmer to construct commands to 
meet specific situations, 


INTERCOM 


The Intercom 101 permits operation of the G- 
15D as a decimal, floating point, single address 
computer with B registers. The simplified set of 
pseudo-codes (Table 12) can be used by relatively 
untrained personnel for non-repetitive problems 
where program preparation time must be mini- 
mized. Orders are written in a six-digit single- 
address form where the first two digits constitute 
a code specifying an operation. The next three 
digits form the address of a location in the inter- 
pretive memory, ranging from 000 to 863. When 
the operation requires no reference to the inter- 
pretive memory, the address 000 can be used. The 
sixth digit is 0, except when an index register is 
involved; in that case, any one of the eight sets 
of index registers can be specified. The six-digit 
order structure is OP abc k; where OP is the op- 
eration code, abe is the address of the operand— 





NOTES LOCATION OPER. ADDRESS k 
CODE 





Clear the accumu- 
lator and enter 
the number |4 
stored in address 
500 0 4v 500 0 


Add the number 
328 stored in ad- 
dress 501 to the 








accumulator 1 5v_—s« 0 0 
Type out the ac- 
cumulator 2 20 000 0 





Halt computation 3 42 000 0 


Fig. 32. Addition of 14 and 328 using 
Intercom system. Here conversion for 
decimal typein and typeout is automatic, 
rather than called for in the program. 
Accommodation for floating point num- 
ber system is also built into the routine, 
eliminating the scaling requirements of 
standard programming methods. 





except for special commands, and k is the index 
register. Fig. 32 shows the program sheet for a 
sample problem—the addition of 14 and 328 using 
the Intercom system. 


STANDARD PROGRAMMING 

The standard set of commands must be used 
when the problem requires solution on a general- 
purpose computer in machine language. As the G- 
15D is a binary computer with decimal input and 
output, it is necessary to convert numbers and in- 
structions into the binary machine language. This 
is done by a subroutine that takes the decimal 
“typein” number and automatically converts and 
stores it in the designated place in the memory. 
When typeout is called for, the binary number is 
converted by the sub-routine for decimal typeout. 
The use of paper tape or magnetic tape as the input 
or output medium, does not require conversion 
routines. Fig. 33 shows the program sheet for our 
sample problem, the addition of 14 and 328, using 
the standard commands listed in Table 11. 

For repetitive problems, the possible modifica- 
tions of basic commands make available block op- 
erations, double-precision arithmetic, minimum ac- 
cess coding and other functions that result in fast 
computer solution. The experienced programmer, 
using micro-coding techniques, can construct nu- 
merous special commands that use the computer’s 
maximum potential. As many as 1300 commands 
are available with the micro-coding system. 


LGP-30 

The LGP-30 (Fig. 35) uses a magnetic-drum 
memory (see Fig 25B) with 64 tracks and heads. 
As each track can contain 64 words (a word has 
32 bits), the drum has a bulk memory of 4096 
words, A word length of 32 bits was used because 
this permits each word to represent one 9-place 
decimal number, which is adequate for most of the 
envisioned uses of this computer. As the drum 


Table 12 


Representative Intercom 101 Orders 


Group | —ARITHMETIC OPERATIONS—Operations involving a 


memory position and the A register 


49 Clear and Subtract 
4v Clear and Add 

42 Divide 

59 Subtract 

5v Add 

5x Store 

67 Multiply 


Group Il1—TRANSFERS OF CONTROL OPERATIONS 
Ov Transfer if A Register is negative 
10 Transfer if A Register is non-negative 
19 Unconditional Transfer 
42 Halt 
Group IV—OUTPUT OPERATIONS 


Iz Type and Tab 

20 Type and Carriage Return 
21 Stack 

22 Type the Stack 


rotates at 3600 rpm, any word is accessible in 17 
ms—but an interlace technique of recording in- 
structions and data is used on the drum (Fig. 34) 
so that the average access time is about 8 ms. 

A program for our sample problem would be as 
follows: 


Code Instruction Effect 


0100 | 0000 Enter number 14 into accumulator 
with Flexowriter. 


1101 C 4732 Transfer number 14 to memory 
location 4732. 

0100 | 0000 Enter number 328 into accumula- 
tor, 

1110 A 4732 Add contents of memory location 
4732 to contents of accumulator 
and retain sum in accumulator. 

1100 H 4733 Transfer sum to sector 33 of track 
47. 

001! R YYYY Set exit from print out routine 
(YYYY location of last instruction 
of output routine). 

1010 U XXXX Transfer to output sub-routine to 


print sum on typewriter (XXXX 
location of beginning of sub- 
routine). 


We now have the sum printed on the report and 
also stored in memory for later use. 


Alwac 111-E 

The fundamental langauge for instruction given 
to Alwac (Fig. 38) is a hexadecimal number sys- 
tem. This is a 16-symbol code, and as there are 
only 10 arabic numerals it is customary to desig- 
nate numbers 10 through 15 as letters. As 4 binary 
bits represent one hexadecimal column, any one 
hexadecimal digit can be represented by four bits. 
A partial list of instruction codes, by group, is 
given in Table II. 

Arithmetic operations, such as addition, sub- 
traction and multiplication, are performed in 3 
registers known as the A, B, and D registers, each 
of which holds one word. 

A word consists of 32 binary bits—equivalent to 
8 hexadecimal characters plus sign. A typical word 
might be as shown in Fig. 37. Note in Fig. 37 that 
one part of the word is devoted to an instruction 
and the other part of the word is devoted to the 


MILITARY AUTOMATIO 






























































45 6 
8 9 10 


12 13 14 
16 17 18 


20 21 22 
b 25 26 


28 29 30 


32 33 34 
36 37 38 


40 41 42 


44 45 46 








Fig. 33. 
ming. Ii 
been en 
out con 
example 


ad 
di; 


shi 


po 


BINARY 
HEXADE 


Fig. 37. 
Note th 
32 binar 


May-J 

















8 9 
12 13 
16 17 


20 21 
be 25 


28 29 


32 33 
36 37 


40 41 


44 45 































































NOTES 
Clear and enter the 
= 01/02} 1 100 }28 number 1/4 (stored 
10 II in line 00, word 01) 
= in the accumulator. 
1415 Add the number 328 
03 1041! 100/29 (stored in line 00, 
18 19 word 03) in the ac- 
= cumulator. 
Mark place and 
22 23 08 {61 | 2 |2) |3! transfer to binary 
26 27 to decimal conver- 
sion sub-routine. 
30 31 On return from sub- 
10/101] 0 jos |3! routine, type out 
contents of accumu- 
= lator which now con- 
34 35 tains the converted 
number. 
38 39 12 1001 0 {16 {31 Halt computation 
42 43 
46 47 



































Fig. 33. Addition of 14 and 328 using standard program- 
ming. It is assumed that the conversion sub-routine has 


been 


entered into the computer. The conversion and type- 


out commands can apply to only one number, as in the 
example, or to a block of numbers up to 106 words. 


address; note also that each word of 32 binary 


digits represents two successive operations. 
The program for our sample addition problem 


would proceed as follows: 


INSTRUCTION MEANING 

2800 Command 28 means clear the accumulator. 
No address is needed so we write zeros for 
the address portion. 

#143 Read our three-digit number (328) into the 
right end of the accumulator. 

4912 Command 49 means store the number (328) 
in the selected cell (12). 

2800 Again clear the accumulator. 

£143 Read another three-digit number (014) into 
the accumulator. 

6112 Command 61 means add the number (328) 
from cell 12 to the number (14) in the ac- 
cumulator. The sum, 342, is now in the ac- 
cumulator. 

e713 Multiply by the proper power of ten (stored 
in cell 13) to place 342 at the left end of 
product register. 

3200 Copy the product register to the accumulator 
(no address needed). : 

#543 Print the answer: 342. 

1b00 Stop. 


The instruction sheet for this sample problem is 
shown in Fig. 36. 
E 101 
Fig. 39 shows the ElectroData 101 general-pur- 
pose electronic digital computer. This desk-size 


LGP-30 Interlace Pattern 

























Fig. 34. Word 00 contains instruction |. Word 01 
contains instruction 2. However, 01 is placed |/7th 
drum circumference away from 00, and 8 words 
are placed in the space between. This permits in- 
struction | to apply to 6 of the 8 words between 
00 and 01 before instruction 2 is reached—and 
permits a complete computer operation to occur 
in only 2.3 ms. Average access time can thus be 
reduced from |7 ms (one complete revolution of 
drum) to 8 ms. 


Fig. 35. LGP-30 is a mobile, serial, single address, 
stored program computer. 


computer uses magnetic-drum storage for data, pin- 
boards for program instructions, and a modified 
bookkeeping machine for keyboard input and 
printed output. A paper-tape reader and punch can 
be attached for high-speed input and output. 


The magnetic drum used for internal storage 
has a capacity of 100 or 220 computer words, each 
containing 12 digits plus a sign digit. The use of 
nine bits—small magnetized spots—for each digit 
stored on the drum permits straight decimal opera- 
tion. 


Programs are stored externally using pinboards 
—small frames in which. special pins are inserted 
to specify program steps, Most operations are repre- 
sented by familiar symbols, reducing the time re- 
quired to learn how to use the computer: + is the 
instruction for add, P for print, etc. 


Eight pinboards can be used at one time, each 
holding 16 instructions, for a total of 128 program 
steps. Any or all of the pinboards can be replaced 
for longer programs. Paper templates are used in 
pinning the boards; these can be marked and filed 
for convenience in future use of the same program. 
Automatic address modification is provided by 
program-controlled switches. 


For output, 12 digits are printed in one op- 
eration and four motor bars control carriage travel 
to allow a choice of formats fitting the user’s speci- 
fications. 
































Fig. 37. One ALWAC instruction word has 8 hexadecimal digits (or 32 binary bits) plus sign. 
Note that this one word comprises two instructions and two addresses, and that each word of 
32 binary digits represents two successive operations. 
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BINARY 0] Hil 0001;0000 1000];01I00 1001 | 0010 0000 | 
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INSTRUCTION ADDRESS INSTRUCTION ADDRESS Alwac III-E 


Fig. 36. ALWAC pro- 
gram for adding num- 
bers. 
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Fig. 39. E101 computer in operation with capacity program on 
eight pinboards. 
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Fig. 41. Operator introduces input data into Elecom 50 using natural 
sequence ten-key keyboard which enables her to keep eyes on post- 
ing media at all times. Operator is shown making factory payroll 
on input machine. Output machine at left is simultaneously typing 





The main register is the accumulator, used in 
all internal handling of information. Keyboard 
entries go first to the accumulator, results are 
printed from the accumulator, and data passes 
through it going to or coming from the magnetic 
drum. 


For example, the instruction R34 means, “Read 


paychecks. 


cumulator, it is also printed; thus errors can be 
avoided by checking against the data sheet. 


In the sample problem—adding 14 to 328—the 


procedure is as follows: 


Step Instruction Meaning 


the contents of storage location 34 into the accumu- Step 0: =K Send 14 to accumulator when 
pa the operator enters it on the 
lator.” A number also can be taken from the ac- keyboard and depresses the 
cumulator and sent to the B register, to internal motor bar. 
storage, or printed by the appropriate command Step |: W98 Store number now in accumulator 
(Table 11) in location 98. 
Step 2: K Send 328 to accumulator after 


In operating the E101, keyboard data entries are 
made when the computer is ready for them. The K 
instruction is placed in the program wherever new 
data will be required and, when that step is reached, 
the machine stops and the keyboard light goes on 
to call for more information. The operator then 
enters the number, up to 12 digits, on the key- 
board and depresses one of the motor bars. At the 
same time that the information is sent to the ac- 


keyboard entry. 


Step 3: +98 Add contents of memory location 
98 to contents of accumulator. 
(Sum is now in accumulator). 


Step 4: P Print contents of accumulator (342). 


These program steps are shown in Fig. 40 as marks 
on the paper template used as a guide for setting up 
the pinboard. 








Elecom ‘50’ 

Data is introduced through a standard 10-key 
keyboard or through one or two punched paper 
tape reading mechanisms. Keyboard input is limited 
only by the operator’s speed and, as a standard 10- 
key keyboard is used (Fig. 41), the touch method 
of operation permits entry of up to four digits per 
second (including motor bar depression). Punched 
tape is read at the much greater speed of 20 digits 
per second. 

Data input can be made regardless of the posi- 
tion of the carriage and the input data can be 
printed or non-printed at any point. Thus, a series 
of inputs can be made without any printing or 
movement of the carriages. One or two printers 
and one of two tape punches are provided as a 
means of output. 

A figure entered can be manually directed to a 
particular register by first entering the register 
number on the keyboard. It can be automatically 
directed by having the register number read in 
from paper tape. Also, the program control belt 
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Fig. 40. Pinboard marked for sample problem. Follow each row 

PPPTTTTTY  “TITTTTY sosssssstasess ETTTITIT CITI IT TTT Tee across card for each operational step. Figures at top (or bottom) 
Fite oF SHH. eceeatemmtsss coe SHES: : of each column identify operation and address. 

3 eeeesee eeeeeee @eeeeeeee eeee @eeeeeee @eeeeeeeeoeee@ 3 

SHIGE: HEINE? HEININEIEIEN | - sa Tae] eee deel eel 
ETTTITITITITITITIMMTITITITITITITMTITITI TIT TTT Te eee Te ° oa Pile 
METTITITITITITITIT ME TITISITITI TIT MTT T ITIL TTT TTT Te eee Te 0 | | | 1 fo 
METTTTIITIIIIITITT MT ITITITILILI TM TITITITITT TTT TTT TTT Te ee aaa aD fitat Fe \itsctesteatsissers lt 
Bisttstttssesscess seeecaserccsss «steseersscscttccseses © Fig. 42. Mylar program belt. All actions of the computer, the com- 
axe awapneucsn rm ovsrsservesex REE RSEAEL INE TI EAE 4, putations, the sequence of operations, the actions of the input and 


output devices, are controlled by the program belt. Register zone 
provides access to some or all memory the. sl Instructions can be 
simultaneously recorded in the arithmetic, stop, and input and out- 
put zones. The Z code allows use of the second group of 50 registers. 
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Fig. 42) can automatically direct a number to 
rom one to fifty registers in one operation. 

Data entered is automatically converted to binary 
form for storage. The information stored could be 
data constants or intermediate answers or totals. 
Each word in the memory has its own location or 
“address”. Instructions are not stored in the mem- 
ory; they are stored on the Mylar program control 
belt. 

Data is stored in two 50-register (word) channels 
on a six-channel magnetic disc until required for 
arithmetic or output. Each register has 10-digit 
capacity and can take positive or negative figures 
and produce positive or negative balances. The 
drum makes a complete revolution in 1/30 sec- 
ond (1800 rpm). Control functions take an addi- 
tional 1/30 second. Therefore, executing any arith- 
metic instructions involving registers takes a total 
of 1/15 second. 

Addition and subtraction can take place between 
the contents of the 100 registers and the accumula- 
tor. It is thus possible to add (or subtract) a 10- 
digit number to (or from) as many as 50 other 10- 
digit numbers and to store the 50 results, all in 
two steps. In three steps, 100 registers can be af- 
fected in the same manner. It is also possible to 
add or subtract the contents of 50 memory registers 





at a time to or from the accumulator. Addition or | 


subtraction can be automatically repeated as many 
times as required. 

The instruction code of the Elecom 50 (Table 
11) functions both to control the operations of the 
computer system and to provide means for selecting 
the locations of the registers. Letters of the instruc- 
tion code serve to indicate arithmetic, logical, input, 
and output. Numbers of the instruction code serve 
to indicate memory locations. 

Our sample addition problem (addition of 14 and 
328) on the Elecom 50 would proceed as follows: 


Step Inst. Code Register Value 
1. Enter amount by key- ACDE 22 14 
board and store in reg- 
ister 22 
2. Enter amount by tape; AEl 22 328 


add to previous con- 
tents of register 22 


Value of register 22 after the above is 342, the sum. 


3. Clear accumulator; BEOSTW 22 342 
place sum in accumula- 
tor; set up dollars and 
cents sectors; print sum 
on report on main car- 
riage and punch out on 
paper tape. 


This completes our look at five low-priced gen- 
eral-purpose digital computers. Next issue we will 
review the large data processing machines. 
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Developed to meet the precise needs of nuclear 
research and investigation, the Du Mont Type 
K1409 cathode-ray tube develops a spot writing 
rate exceeding the speed of light. 


This is another example of the “can do” spirit and 
_ ability of the Du Mont Tube Research Laboratory. 


For cathode-ray tubes, or multiplier phototubes of 
| unusual abilities, call on Du Mont’s “can do”... 


| | 
| | g T 
| 





INDUSTRIAL TUBE SALES, 
ALLEN B. DU MONT LABORATORIES, INC, 
2 MAIN AVE., PASSAIC, N. J. 
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Fig. |. Elecorn 100 digi- 
tal computer is used to 
check REAC solutions. 
(Photo courtesy Under- 
wood Corporation) 
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ILITARY requirements are responsible for a 
M tremendous amount of analog work, especially 

in the field of aerodynamics. Every aircraft 
and missile developed in the last few years has seen 
far more flying time in an analog computer than it has 
in the air. Missile developement, particularly, cannot 
afford much physical trial and error. Most of the de- 
bugging must be completed long before the first model 
is ever launched. 

Probably the best known analog computer missile 
evaluation program is Project Cyclone, a program now 
about ten years old, being conducted by Reeves In- 
strument Corp. for the U. S. Navy Bureau of Aero- 
nautics. One of several laboratories comprising Proj- 
ect Cyclone contains thirteen REAC computers (Fig. 
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2). With the thirteen computers is a considerable 
amount of auxiliary equipment—plotting boards, in- 
put-output equipment, function generators, etc. An 
Elecom 100 digital computer is used at Project Cy- 
clone to run check solutions (Fig. 1). 

Typical of the missile study program conducted at 
Project Cyclone is that of an air-to-air missile with its 
own seeker and guidance computer. The main objec- 
tives of this study are to investigate (1) roll-control 
under steering maneuvers; (2) the effect of various 
guidance methods on performance; (3) the error- 
sensing and resolving characteristics of the seeker. The 
basic block diagram of the simulation setup for this 
problem is shown in Fig. 3. The equipment used to in- 













Fig. 2. Project Cyclone Simulation 
Laboratory No. | contains 13 
REACs, 14 servo units and 3 auxili- 
ary computing cabinets with 420 
computing amplifiers and 12 limit- 
ing saptiier. (Photo courtesy 
Reeves Instrument Corp.) 


strument this problem included 304 amplifiers and 
369 potentiometers. Fig. 4 shows solution plots of the 
REAC computer with superimposed digital check 
points. Note the close agreement between analog plot 
and digital check points. 

It is interesting to note that the average running 
time for a’single analog solution, that is, the time to 
complete one plot similar to that in Fig. 4, was ap- 
proximately one minute. By comparison, the digital 
check solutions for all points on one plot took an aver- 
age of approximately 75 hours. This demonstrates that 
for some dynamic problems with many input and out- 
put variables, the analog computer gives faster solu- 
tions with reasonably good accuracy. 
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Much of the evaluation in the missile study we have 
nentioned, and in other studies of which it is typical, 
-oncerns itself not only with the aerodynamic perform- 
ance of the missile airframe proper, but also with the 
many servomechanisms involved in the guidance sys- 
tem and actuation of the control elements. This illus- 
trates what is perhaps the classic example of the use 
of analog computers in design—namely, the analysis 
of linear servomechanisms. 

A paper published earlier by members of the staff of 
Goodyear Aircraft Corporation provides a good illus- 
tration of the way an analog computer may be used in 
the design of an automatic milling machine. Fig. 6 
shows a functional sketch of such a machine. In this 
case a master mold pattern is being duplicated. The 
probe shown at the top rides on the surface of the 
master pattern and actuates a pickoff which might be 
a potentiometer of a synchro transmitter. If the probe 
and cutting tool positions are not in perfect corres- 
pondence, an error signal is developed and amplified 
to drive the hydraulic machinery that positions the 
cutting tool. The design of this entire loop must meet 
certain stability and response criteria. The prime un- 
known is the design of the amplifier. 

Here the analog computer becomes a useful tool. 
A block diagram of the proposed system is prepared 
as shown in Fig. 7. The known components can be 
represented in the block diagram either by their trans- 
fer notation or by the differential equations describing 
their dynamic operation. 

Once this is done, a complete schematic can be 
drawn, as in Fig. 8. The voltage scales are assigned. 
Notice that a’ potentiometer is used in the control 
amplifier analog to allow variation of its transfer 
characteristic. The computer is then instrumented ac- 
cording to the schematic and the results displayed on 
a servo-driven XY plotter, showing the response of 
the cutting tool position. Through the use of the com- 
puter simulator, it was found that additional hydraulic 
control loops were necessary to damp out oscillations. 


ECONOMIC AND RELIABILITY FACTORS 


In considering an analog computer for a particular 
application, what are some of the costs, and what are 
some of the returns? 

The user who is confronted with an application has 
two alternatives: He may purchase a cemputer or he 
may rent time on a computer. 


Rental 


Rental time on analog computers is available from 
a surprisingly large number of sources. The cost of 
renting analog computer time depends on the amount 
of equipment which you need for your problem. By 
way of example, a problem that was recently run on 
a rental facility by an Arma engineer required the use 
of approximately 100 amplifiers. The rental rate came 
eut to about one dollar per amplifier per hour. In 
addition there is a charge of $15 per hour for the 
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Fig. 3. Block diagram of 3-dimensional quided-missile TOOL 
problem involving guidance by computer circuit. Equip- 
ment used to simulate this problem included 304 ampli- 
fiers and 369 potentiometers. 
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Fig. 6. Milling-machine problem involves questions (I 
can system be stabilized? (2) is response speed sufficient 
(3) what amplifier is required? 
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Fig. 7. Block diagram of milling-machine system with 
transfer-function description of each element. 
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using |:1 time scale. Final computer schematic used a 
1:100 time scale (1 second of system operation corres- 
ponds to 100 seconds of computer simulation time) so that 
results can be plotted on an X-Y recorder. 


Fig. 5. Power-dispatch computer tells optimum operation 
of generating stations on basis of generating costs, trans- 
mission losses, and load. 
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Fig. 10. New Al4 ex- 
pansible general-pur- 
pose analog computer 
combines functions of 


GEDA L3 and N3 units. 












Fig. II 
Reeves 

















REAC <4 Fig. 12. Expanded y, 

with EASE computer of Berke- ~~ 
Auto- ley Div., Beckman. 7 
Control. 





New 





renter’s engineer to assist in setup, making a total ini- 
tial charge rate of $115 per hour. Of course this re- 
duces to $100 per hour after completion of the setup. 
There are many computer problems which are much 
less complex than this instance. 

Rental costs for government sponsored computa- 
tional facilities may be lower than for the commercial 
ones. 


Purchase 


Suppose that the prospect is one of purchase rather 
than rental. In this case, I should like to suggest, if 
possible, a very early check, not only with suppliers, 
but also with other users in the same industry who 
have similar problems. You may be surprised at the 
willingness of people, even competitors, to tell you 
what they have learned, sometimes the hard way. At 
this point, it should be possible to make an estimate 
of the cost in manpower and purchases necessary for 
your in-plant setup. Basic items to be considered in- 
clude (1) initial cost, (2) cost of plant space, (3) 
plant support-facility cost, such as ventilation, air- 
conditioning, and special electrical power connections, 
(4) operator manpower, and (5) maintenance and 
obsolescence costs. 

From the point of view of amortization, some appli- 
cations show a clear prospect of the computer paying 
for itself at regular, predictable rates over a period 
of years, for example, five years. In chemical process- 
ing, in power generation, in mass manufacturing busi- 
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ness, costs are very often known to thousandths of a 
cent per unit output. 

Applications where an analog computer can save 
many thousands of dollars per year are not uncom- 
mon in the category of control uses, but it is important 
to appreciate that, as in the case of an electric distribu- 
tion network analysis (Fig. 5), the usefulness of the 
computer economically is likely to depend on the very 
careful analysis of differences between large quantities. 
Certainly engineers need not be reminded that accura- 
cy is rquired in taking the difference between large 
numbers. 

Aside from the dollar saving directly obtained from 
dispatch computers, power companies have found other 
advantages somewhat less tangible but probably equal- 
ly useful. One such advantage is this: The system dis- 
patcher finds it possible through the use of the com- 
puter to make more informed decisions about proposed 
system changes. He can determine whether the system 
is stable. When it is recalled what these determinations 
are made on the same working computer which pre- 
viously has established the validity of its solutions 
by actual cost savings, it can be seen that confidence 
can be attached to the resulting predictions. 

I think this is a good point at which to emphasize 
a very general concept relating to the use of analog 
computers, particularly for simulation. The idea has 
been known for a long time and so may not be new 
to you, but it may bear repeating. It is this: When we 
use a computer to simulate some process or system, 


what we are doing is manipulating the computer in- 
stead of the system itself. By so doing, we find out 
what would happen if such a thing were to be done 
in the actual system. The fundamental nature of this 
concept can be appreciated if we recall that the manip- 
ulation of substitutes—that is, of symbols instead of a 
real situation, is equivalent to the activity of thinking 
itself, and as a further parallel the psychological aims 
of thinking are precisely—economy and safety. 

Another of the economic returns of analog compu- 
ter use is the saving of engineering time. In addition to 
the saving obtained in speeding a numerical or graphi- 
cal answer there is sometimes the gain of additional 
capabilities and insights. The kinesthetic “feel” or seat- 
of-the-pants familiarity obtainable in this way can be 
much more powerful as a conceptual tool than numeri- 
cal answers alone. 

In the same way we say that one value to be de- 
rived from an analog computer is a picture, a pattern. 
This sort of pattern, which we recognize as a whole, is 
called a gestalt. A gestalt is a meaningful pattern. 

The engineer in a company who is best suited to 
profit from these engineering gestalts may well be 
the engineer who is most familiar with the practical 
aspects of the company’s processes and products. It 
may also be the same person who can determine most 
readily how to set up the computer—that is, to deter- 
mine from the physical situation the transfer functions 
to be used in instrumenting the problem on the com- 
puter. 
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New WAN TRAILER by Craig 


houses all this equipment with room to spare! 


There’s plenty of room inside the new insulated Craig Van Trailer LM-105! With 

its big 5,000 pound payload and roomy 575 cubic foot interior, this rugged van 
trailer can house 12 standard 6-foot racks, fully loaded with electronic equipment — 
and still allow ample space for operation and maintenance. 
- Whatever the load —a complete electronic system, test equipment, mobile 
3 [maintenance shop, or you-name it—your equipment arrives quickly and safely in | 
the LM-105. This versatile van trailer meets Government specifications for 
world-wide, all-weather use. 


Quick facts about the LM-105: 


WEIGHT: Approximately 4,000 pounds 
9 fFincluding dolly. 


we wa fF 


we Ve 


AIR TRANSPORTABLE: By C-119 or larger 
cargo aircraft. 


ELECTRONIC INSTALLATION: Craig pro- 
vides complete layout and installation of | 
- [Payvtoap: 5,000 pounds. equipment including wiring and component 


| | DIMENSIONS: (Inside) 140 inches long, - Check-out. 
90 inches wide, 79 inches high. : 
INSULATION: overall shelter has U- 
B Factor of 0.30. 


. FEATURES INCLUDE: aluminum-faced 
honeycomb panel construction; lighting 
system; power distribution box; cable 
’ entry ports; stairs; jacks for levelling; and 
a quickly detachable dolly with coil spring 


and torsion bar suspension, air-over- 
< hydraulic brakes, and single beam towing 
tongue. 


ACCESSORY EQUIPMENT AVAILABLE: in- 
cludes air conditioner, heater, workbench, 
racks, cabinets, spare parts containers, etc. 








Van Trailer LM-105, front view, 


) 

e 

LE For further information, write Craig today! with jacks in position, | 
t 

t 


Chaig SY STEMS, INC, Dep. M-6, Danvers, Mass. Tel.: SPring 4-1870. | 


3 WESTERN DIVISION: 62/4 West Manchester Avenue, Los Angeles, 45, California ORegon 8-0025. | 


OTHER CRAIG PRODUCTS - . .~ ~ éransportable and mobile electronic systems, shelters, 
trailers, vans, mobile control towers, missile carriers, re-usable containers, antenna towers and masts. | 
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Fig. 13. Mid- 
Century MC-400 
portable analog 
computer has 12 
amplifiers, | 
servo. 





Fig. 14. Donner 3000 com- 
puter on movable base. 








The engineer who is intimately familiar with the 
problem is not the only person in an organization 
who can set up and operate the analog computer. The 
point is that it is valuable to use fully this person’s 
knowledge of the inputs and, wherever possible, to 
provide him the outputs in the form of the opportunity, 
so to speak, to fly the problem on the ground with his 
own hands. 


Cost 


Manufacturers offer a range of computer sizes and 
types. One measure of size is the number of amplifiers. 
A 15-amplifier desk-top computer is available from 
Heath. In the large machines, such as the PACE, 
GEDA, REAC, EASE, or Mid-Century (Figs. 9 to 13), 
up to several hundred amplifiers are offered. Very 
broadly, we might say that a 40-amplifier unit repre- 
sents a medium size, and 100 amplifiers gets into the 
large computer category. The Donner 3000 compu- 
ter (Fig. 14) can be classified as a medium-sized fa- 
cility. 

Basic prices also cover a wide range. You can buy 
a basic Heath desk-size computer for about $700. Some 
larger machines can cost over $1,000,000. A rough 
measure of price is $1,000 per amplifier. Other im- 
portant features of these commercial computers, aside 
from the types and numbers of operational amplifiers, 
are their control provisions, their checking features, 
their output devices, and provision for analog multipli- 
cation and various types and kinds of servo compo- 
nents. 


_ Layout and Construction 
| Time Cut Seven Weeks 
| On Analogue Computer! 









Leading Research Institute Uses Alden 
Plug-in Components To Simplify and 
Speed Construction of Analogue Computer 


Engineers at one of the leading research inh- 
stitutes turned to the Alden packaging com- 
ponents to save layout and construction time 
on an analogue computer and have reaped 
continuing benefits. Having discussed and 
worked up designs for a novel and compact 
analogue computer, the engineers of this insti- 
| tute were suddenly faced with an urgent request 
for a model. Being primarily concerned with 
time, the engineers turned to the Alden Ter- 
minal Card Mounting System for mounting 
their circuitry and the Alden 2” Basic Chassis 
for housing this circuitry as plug-in units. The 
flexibility of these basic standard components 
allowed them to lay out and build their gear 
with a tremendous saving in design time. It 
was estimated the saving of packaging and me- 
chanical engineering time gained them about 
seven weeks’ time through the use of these 
components. 











































The simple, plug-in unit design resulting 
from the use of Alden components gave them 
great flexibility, enabling them to up-date the 
computer with more current circuits — and 
whereas this project was to be a one-of-a-kind 
prototype, the group has since made additional 
models using the original planning to duplicate 
the original equipment at low cost with great 
speed. 


Since many of these Alden components come 
out of the needs of the computer field, they 
have had wide usage in building such equip- 
ment as the Harvard Mark IV, the General 
Electric ORAC, and many smaller computers 
built by universities and research groups. 


If you are designing or building 
computers, test gear or automatic- 
electronic controls — investigate the 
advantages of Alden Plug-in Unit 
Construction. 
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FIRST SIGNAL CORPS POWER 
TRANSISTOR SPECIFICATION 


HE SIGNAL CORPS has issued a specification 
, ee a power transistor to the Clevite Transistor 

Products Division of the Clevite Corp. for its 
type 2N297 transistor (Fig. 1). This is said to be the 
first specification from a military service for a power- 
type transistor. 

This specification, MIL-T-12679/32 (SigC), is the 
first step toward JAN status which is awarded when 
this specification is also approved by the other mil- 
itary branches. 

Besides meeting the usual military component spec- 
ification for shock, vibration, centifuge, temperature 
and moisture resistance, the transistor’s characteristics 
during the life test must also fall within the minimum 
and maximum variation limits which the Signal Corps 
has specified. Excerpts from the specification are 
shown below. 


uae VITE 





Fig. 1. 2N297 Power Transistor 


MIL-T-12679/32 (Sig C) 
INDIVIDUAL MILITARY SPECIFICATION SHEET 
TRANSISTOR, POWER, GERMANIUM, 

CTP 1107(2N297) 


A. Ratings TOTAL POWER 
VC, P, VE, IE T; 
_ Volts Watts Volts Amps = 
Note 1Note 2Note 3 
Absolute 
Maximum —60 155 -—90 5.0 85°C 
B. General Test 
Conditions Base Temp Storage Temperature 


25°C —55°C to 485°C 

Note 1. VE, denotes maximum reverse emitter bias 
voltage with VC, = —60volts. 

Note 2. IE denotes the maximum emitter current with 
VC, = O and P; not exceeding the maximum 
rating. 

Note 3. T; denotes maximum junction temperature. It 
is that temperature reached when the device is 
dissipating a power equal to P;. 
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Fig. 2. Saturation Voltage Test 


C. Initial Current Tests. 


1. With collector bias at —6V and emitter current 
zero, collector current may not exceed 0.2 ma. 


2. With collector bias at —60V and emitter current 
zero, collector current may not exceed 3.0 ma. 

3. With emitter voltage at —6V and collector cur- 
rent at 0, the emitter current may not exceed 0.2 
ma, 


D. Initial Floating Potential Test. 
With collector bias at —60V and emitter current at 
0, the floating potential may not exceed 180 mv. 


E. Saturation Voltage (VC.), to be measured in the 
manner indicated by Fig. 2, shall not exceed 1.0 volt 
when VE, is —15V, RC is 7.0 ohns, and R1 is ad- 
justed until IB is 300 ma, 





VEb 





fi 11 | 





Fig. 3. HFE and GM Tes? 


Ic 





F. Large Signal Current gain, HFE — . and trans- 


Ic 





conductance, GM = ,» are measured as indicated 
b 
in Fig. 3. 
1. HFE: Adjust R, until a 500 ma IC reading is ob- 
tained; then record the IB reading in ma. Cal- 


Ic 


culate HFE — ——, which shall have a minimum 
of 25 and maximum of 100. Repeat procedure 
IC 


“with a 2.0 amp IC reading; shall have a 





minimum of 12 and a maximum of 40 Large Sig- 
nal Current gain. 


2. GM: With R, adjusted for a 500 ma IC reading 
record VE»; calculate GM= a Minimum 

b 
0.9 and maximum 1.8 mhos. Repeat with R 
adjusted for 2.0-amp IC reading; GM minimum 

is 100 mho and maximum 3.0 mhos. 


G. Frequency cutoff (FC,) shall be measured as in Fig 
4. Adjust R; until a 500-ma IC reading is obtained. 
Set signal generator frequency to 1000 cps and ad- 
just amplitude to that level which will result in 8.5V 
rms reading across 28-ohm load resistor (VTVM#2). 
Increase signal generator frequency, maintaining 
generator output amplitude constant (by observing 
VTVM#1) until the reading of VTVM#2 is reduced 
to 6.0 V rms (—3db). The cutoff frequency of the 
transistor is defined as the generator frequency at 
this point. Minimum cutoff frequency is 6.0 ke/sec. 


$ 
mi 
col 


500uf | VIVM—2 











VTVM | R, = on 
500 = 28V 

uf + 

Ic 











Fig. 4. Frequency Cutoff Test 


H. Post 500 hour d-c life tests to be measured are: 


1. With VC. = —3V and IC = 500ma, the ratio 
HFE 

7+ HFE should not decrease by more than 2%, 

2. With VC, = —60V and IE — 0, ICO may rise to 
not more than 2 times initial value. 

3. With VE, = —6V and IC — 0, IEO may rise to 


not more than 2 times initial value. 


I. Other tests. 

1. Soldering test and collector current, emitter cur- 
rent and floating-potential measurements to be 
made during the life test at the 24-, 96-, 240-, and 
500-hour interval are also specified in the new 
specification. 


For more information circle 204 on inquiry card. 








| ea oe 


1 Screnc 
| riety 


14 ELECTROMCS 
\ MEETING 
TomtGery 















“HERE HE COMES WITH HIS DAMA PUSHLESS 
PUSH -BUTTON — CLAMS /T OPERATES ON 
BRAIN WAVES," 








MILITARY AUTOMATION 





24 
TRA™SDUCER 


INP TS iy 


wOTE: UP T! 
———_—_— 


A 


at Fo 
desig: 
flight 
equip 
can | 
it alse 
the g 


Th 
uses 
quens 
ance 
form: 
wide 
conti 
(whi 
for r 
and « 
on th 
Norn 
born 
tinuo 

Co 
sistar 
ducte 


May-J 

























1o 


r- 
e 


d 











TRANSLATOR 
POWER SUPPLY 


a™weees! 
Soo & | 
2 @ 


24 
TRA*SDUCER 





















INPUTS POWER, 
CALIBRATOR 
{aaa Gao) | @) 
33) 390) > 8 4/33 
aaag!aogg | ala gai 





NN Mrrnnstator 


NOTE: UP TO FOUR SETS OF UNITS SHOWN ABOVE THIS LINE MAY BE USED TOGETHER. 






AMPLIFIER 
—_———— TAPE 

| TRANSPORT 
3 | 
q 


bs el 





UCT 




















— 


CONTROL TO ALL , 
UNITS OF SYSTEM 





oY OS 
CONTROL 8 woos 
MONITOR UNIT @® ® 















aw 


TEP TP) 
299999 





GROUND TEST 
REMOTE UNIT 


TIMING 


TIME REFERENCE 


FIG. |. THE AIRBORNE SYSTEM is controlled from 
the Control and Monitor Unit shown lower left. Ground 
test unit, lower right, calibrates and checks out air- 


borne system before flight. 


Flight Test Facts 


signed and built by Victor Adding Machine 
Co. to the system specifications of Convair 
at Forth Worth, Texas. It is an FM system specifically 
designed to record data aboard an aircraft under 


\ FLIGHT TEST data recorder has been de- 


flight test on magnetic tape acceptable to reduction 
equipment located at a ground station. Urgent data 
can be immediately telemetered to the ground, but 
it also is stored for later automatic processing through 
the ground reduction system. 


Airborne System 


The Airborne Data Recording system (Fig. 1) 
uses magnetic-tape recording of RDB carrier-fre- 
quency modulators, whose frequency varies in accord- 
ance with transducer output information. FM _ in- 
formation is recorded on a 30-track, 3,000’, 114”- 
wide magnetic tape for a maximum of 40 minutes of 
continuous recording: 25 tracks are used for data 
(which includes a voice channel); 4 tracks are used 
for reference signals for error correction, for timing 
and calibration markers, and for addressing the data 
on the tape with real-time coding; 1 track is a spare. 
Normally, 4 tape transports are included in the air- 
borne system to give 100 simultaneous tracks of con- 
tinuous data. 

Commercially-available FM modulators of the re- 
sistance-bridge-controlled, voltage-controlled, and in- 
ductance-controlled variety are employed to place 
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from 1 to 6 standard RDB carrier frequencies (chan- 
nel 8 to channel 13) on each tape track. Thus the 
100 tracks simultaneously provide 600 channels of 
information. 


Ground Reduction System 


The primary function of the ground reduction sys- 
tem (Fig. 2) is to remove the analog information 
contained in the frequency-modulated carrier and 
present this to an oscillograph or pen recorder. 

An analog-to-digital converter also can sample the 
analog information at rates up to 1,000 samples per 
second, convert the information to digital form, frame 
the information for immediate use as an input to a 
large-scale digital computer, and record the infor- 
mation in digital form on tape. The sampling rate 
commands are keyed by timing signals on the orig- 
inal magnetic tape. 

Each of 24 demodulators provided in the ground 
reduction system can be switched to any tape track 
to provide simultaneous output from 24 information 
channels. 

When the data are processed through the ground 
reduction system, the following corrections are pro- 
vided: 

(a) Mechanical wow and flutter corrections to 
eliminate errors of low frequency wow are accom- 
plished through a servo system. 

(b) Electronic wow and flutter corrections elim- 
inate errors of low and high frequency caused by 











FIG. 2. GROUND DATA REDUCTION SYSTEM con- 
tains 24 FM demodulators and an audio channel for 
data reduction. It also contains the necessary correction 
circuits to correct zero drift and sensitivity changes in 
the data channels. It has wow and flutter air correction 
circuits as well as function generators to correct trans- 
ducer non-linearities. 


changes in tape-to-magnetic-head velocity relation- 
ships. A crystal-controlled frequency recorded on the 
tape is discriminated to provide frequency corrections 
to the data discriminators. 

(c) The data discriminators are adjusted auto- 
matically to correct errors due to variations in center 
frequency (zero shifts) or variations in sensitivity 
(gain shifts) in the components of the system from 
modulators to demodulators. A servo system pro- 
vides these corrections. 

(d) A correction for nonlinear transducers is pro- 
vided by a function generator which gives a linear 
output for a non-linear input. 

Data are addressed every ten seconds while being 
recorded. Data can be located and read-out starting 
with any second interval. The data read-out may be 
stopped at any selected address. A function of re- 
peated read-out between two selected addresses also 
can be used. 

Information recorded on different carrier frequen- 
cies is reproduced in correct time correlation so that 
the time relationship of signal inputs is maintained. 
The power requirement is 20 kw from a 208/115v, 
4-wire, 3-phase, 60-cps power line which should have 
a 30-kw capacity to provide for surges. 

The pre-flight portable test cart (Fig. 1), together 
with the control section of the airborne system pro- 
vides electronic test equipment for the precise align- 
ment and inspection of the airborne system com- 


ponents. 
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FIG. |. ARMY 75MM 
"Skysweeper’’ will spot, 
track, aim and fire auto- 
matically at enemy jet air- 


craft (US Army Photo) 
















Kenneth L. King, Director 
of Research and Develop- 
ment, Norden-Ketay Cor- 
poration, has been an ex- 
ecutive of Norden-Ketay 
since 1947. He has directed 
many Research and Devel- 
opment programs requiring 
advanced servo systems in- 
cluding complete bombing 
and navigation systems, 
stabilizing systems, and 
computing systems. Mr. 
King had previously been 
associated with Bell Labo- 
ratories for seventeen 
years, where he supervised 
the MK 15 Bombing Radar 
Systems and other micro- 
wave programs. 


U.S. ARMY 
ORDNANCE 


KENNETH L. KING Norden-Ketay Corporation 
CLAUDE 0. MORRISON Military Automation 








SERVO SYSTEM is a control system in which 
a variation in an input position produces a 
proportional variation in output position. Servo 
systems, if not specifically designated open loop, are 
considered to be closed loop—that is, the output “feeds 
back” a signal to be compared with the input signal. 
A comparison device compares the feedback and input 
signals to assure that the latter is proportional to the 
former. In open-loop servos, by contrast, the judgment 
and action of a human operator is usually necessary 
to monitor and adjust the output. 
The servo system is usually a power amplifier. The 
controlling force or signal is ordinarily quite small 
compared to the force which actuates the output mo- 


tion. The high power output is obtained from electrical, 


pneumatic or hydraulic sources of power. Because 
these sources of power act as a “slave” to the con- 









SERVOS 


This begins a tutorial series on servomechanisms. Later issues will 
cover the basic elements of electro-electronic servo systems, syn- 
chros, sensing and actuator devices, and amplifiers. Hydrau- 
lic synchro devices used in mi!*+ary applications will be included. 


trolling input, the term “servomechanism” meaning 
“slave-machine” is appropriate. 

Servomechanisms are widely employed in military 
equipment to relieve pilot monotony when steering 
ships and aircraft, and also to accomplish jobs beyond 
human strength or coordination, achieving fire-control 
for gun batteries, holding a telescope sight on a star, 
or maintaining a level platform despite various mo- 
tions of a ship or carrier. Other types of servos can 
control rates and acceleration or can perform calcu- 
lations. Fig. 2 illustrates the numerous applications of 
servos, gyros and accelerometers applied in a single 
Air Force fighter. The operation of guided and ballis- 
tic missiles depends on servo systems, and our missile 
program is today creating a great market for light- 
weight, accurate servomechanisms. 
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FIG. 2. SERVO SYSTEM elements used in the Minneapolis-Honeywell MB-3 automatic 
flight control ge for the North American F-100 D Super Sabre supersonic Air-Force 


jet fighter. Ot 


Fig. 1 shows a 75-mm anti-aircraft gun equipped 
with a radar that will hold itself pointed on the target. 
Signal energy reflected from a jet plane four miles 
away controls the servo that drives the slewing and 
pointing motors. 


Stabilization of ocean-going ships in heavy seas is 
achieved by giant fins (Fig. 3) which counter the 
natural roll and pitch motions of the ship. The fins are 
moved by hydraulic actuators controlled through ser- 
vos from stable-element gyros. 

Fig. 4 shows use of a servo to control milling and 
other automatic machines to accomplish production 
schedules impossible with manual operation. 

The basic principles and components of servo sys- 
tems, synchros, sensing and actuator devices, and the 
use of servos as computers will be explained in future 
articles of this series. 
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er servo systems in radar, firecontrol, etc., of this plane are not shown. 
(Courtesy Minneapolis-Honeywell Co.) 
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TACHOMETER 
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LEAD SCREW 

FIG. 4. AUTOMATIC-MACHINE servos controlled from punched tape speed production in ordnance and 


aircraft factories. Automatic positioning of drilling machine work table is shown at right. Block diagram at left 
shows how electrical and hydraulic servos are combined for accuracy and flexibility. (Courtesy Advance Indus- 
































FIG. 3. THE SPERRY GYROFIN stabilizer installed 
in the USS Compass Island reduces ship roll to one- 
tenth that of unstabilized sister ships. Servo systems 
compute stabilizing moment and transmit amplified 
anti-roll signals to hydraulically-actuated fin shown. 
(Courtesy Sperry Gyroscope Co.} 
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DRAWINGS AT 20'/MiN. 


Naval Aviation Supply Office, Philadelphia, uses this 
XeroX® Copyflo® 24-inch continuous printer for xero- 
graphically reproducing microfilmed engineering drawings 
for engineer’s use. Individual film frames are mounted in 
IBM or Remington Rand tabulating cards which are 
handled and filed by Filmsort techniques. Copyflo printer 





produces 24-inch-wide engineering drawings on inexpen- 
sive uncoated paper at rate of 20’/min. No ink, chemicals 
or darkroom is needed. Each film may be reproduced as 
many times as desired, at an estimated cost of 12c per 
copy. A detailed story will appear soon in MA covering all 
phases of the Filmsort pregram being instituted by the 
Bureau of Aeronautics at the ASO. Xerox Copyflo printer 
is a development of The Haloid Co., Rochester, N. Y. 
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FOR MORE INFORMATION ON ANY OF THE 
PRODUCTS REPORTED IN THIS SECTION, 
CIRCLE THE ITEM NUMBER ON THE IN- 
QUIRY CARD BOUND IN THE FRONT OR 
BACK OF THIS ISSUE. IF THE CARDS HAVE 
ALREADY BEEN USED, MARK THE ITEM 
NUMBER AND DATE OF THIS ISSUE ON A 
POSTAL CARD AND MAIL IN CARE OF OUR 
READER SERVICE DEPT. 




















DIFFERENTIAL TRANSFORMER KIT 
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Non-magnetic 


material 


Primary 
EXCITATION 


New “Atcotran Kit” for engineers 
engaged in developing automatic and 
computing devices facilitates conver- 
sion of linear displacements to elec- 
trical signals. Position change as 
small as 0.001” can be sensed under 
experimental and test conditions. Coil 
structure of “Atcotran” differential 
transformers, divided into two main 
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changes in such coupling. Kit con- 
sists of seven complete differential 
transformers having a linear range 
from +0.01” to +2.5”, a flexure plate 
and clamp for positioning coils; a 
demodulator which converts ac out- 
put of differential transformer to dec 
voltage; 32-page “Transducer Hand- 
book” which describes theory, develop- 


Position 
INPUT 


sections, contains four windings, two 
of which serve as primary, remaining 
two as secondary. (Small section at 
left end of coil form is used to house 
interconnections and lead wire term- 
inations.) Design insures equal and 
stable electrostatic coupling between 
primary and secondary windings and 
minimizes temperature drift due to 
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ment and use of differential trans- 
formers and provides curves and tub- 
ular data. One section of Handbook 
covers application circuits, another 
accessory control equipment.—Auto- 
matic Temperature Control Co., 5200 
Pulaski Ave., Philadelphia 44, Pa. 
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GONIOMETRIC VDRs 
New “Models CP01-0103-1, CP01- 


0207-1 and CP01-0204-1” sector-form 
voltage-dividing resistors, 


especially 


ba 
Be 





engineered for control systems and in- 
strumentation in aircraft and missle 
systems; are designed to measure 
angles from zero to 90° of shaft ro- 
tation. Accuracy 0.5%; resolution 
0.10°. Units, withstand vibration, 
shock, and temperatures to 300°F.— 
Humphrey Inc., 2805 Canon St., San 
Diego 6, Calif. 
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MINIATURE RESISTOR 


New “Type 287 Precision Wire 
Wound Resistor,” designed for critical 
applications, requiring lab accuracy 
and stability in minimum space, uti- 
lizes special winding and encapsulat- 
ing techniques, features 0.01% abso- 
lute resistance accuracy in values 


Actual 3S) size 
m4 


7-4 oft ay 


above 100 ohms, 0.005% accuracy in 
values above 1000 ohms; 10 ppm tem- 
perature coefficient; 0.003% resist- 
ance stability; 0.2 w power dissipa- 
tion.—Consolidated Resistance Co. of 
America, Inc., 44 Prospect St., Yon- 
kers, N. Y. 
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RADAR PULSE SIMULATOR 


New radar mark generator siiv. 
lates both range timing pulses and 
10° and 30° azimuth pulses in per. 





M152 


sonnel training or in radar equipment 
design; is completely self-contained in 
portable case or relay rack-mount 
and has its own power supply. Range 
marks are generated from a crystal 
oscillator with extreme accuracy and 
negligible phase jitter. Azimuth 
marks are generated with less than 
0.5° variable error.—Advanced Elec. 
tronics Mfg. Corp., 2025 Pontius Ave., 
Los Angeles 25, Calif. 
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AUTOMATIC MISSILE 
PROGRAM CONTROLLER 


New “Fire Control Intervalometer,” 
built for service in today’s jet air- 
craft, provides automatic program- 








ming for missile firing: opening of 
rocket pods, rocket launcher exten- 
sion, etc. and other functions in com- 
plete and proper sequence of a firing 
mission are controlled to millisecond 
accuracies. x*Incorporated in some 
of maker’s intervalometers is “Chron- 
opulse” time generator, a new type of 
high-accuracy de time base.—Abrams 
Instrument Corp., 606 E. Shiawassee 
St., Lansing 1, Mich. 
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SIGNAL SOURCES 


New “FXR Type No. S771A Broad- 
band Microwave Signal Sources,” 
packaged into one compact unit, fea- 





ture a direct-reading frequency dial 
that offers “one-knob control” from 
950 to 2000 and 1900 to 4000 Mc; com- 
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bine a power supply, klystron, kyl- 
stron cavity, modulator, variable rf 
attenuator and an automatic re- 
flector voltage tracking system; per- 
mit broad-band measurements to be 
made with increased speed and ease. 
—F-R Machine Works, Inc., 26-12 
Borough Pl., Woodside 77, N. Y. 
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COMPASS SYSTEM 


New “Type MA-1” aircraft com- 
pass system (developed by maker for 
Navy BuAer) is an all-purpose gyro- 





OD) seerbten sseeunLy wim Gt 


Biss 


slaved directional system designed 
for use under all operating conditions 
including high latitudes where ordin- 
ary compasses become unreliable. 
Among features: High accuracy di- 
rectional gyro with a random drift 





CO TRCA PANE, 


rate of less than 4° per hour; tube- 
less amplifier using silicon transist- 
ors and mag amps; light weight (16.7 
lb); multiple indicators which can 
provide course readings at up to three 
different remote locations in aircraft. 
—Lear, Inc., Grand Rapids, Mich. 
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ULTRA BROADBAND MICRO- 
WAVE SIGNAL GENERATOR 


New “MSG-34” is said to cover a 
frequency range “equal to two or 
more present day units”: S, C and X 


— 
ke 
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bands (4,200 to 11,000 Mc) with a 
power output of 1 mw; is equipped 
with maker’s “Uni-Dial” construction 
which provides complete integration 
and simple operation. Large direct- 
teading dials indicate frequency and 
attenuation. Among other features: 
provision for external modulation by 
multiple pulses; automatically track- 
ed power monitor; and non-contact- 
ing oscillator choke.—Polarad Elect- 
ronics Corp., 43-20 34th St., Long 
Island City 1, N. Y. 
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WESCON EXHIBITORS! 


Thousands of Military Automation readers are interested in the prod- 
ucts you will exhibit. For maximum impact, use the advertising pages 
of the July-August WESCON issue to present your product story, and 
to remind readers to visit your booth at WESCON! 


OTHER MANUFACTURERS! 


By advertising in the special WESCON issue of MA, you also share 
in the bonus reader interest of our 25,000 regular recipients, plus the 


extra ‘“at-the-show” distribution—at NO increase in rates. 





‘EXHIBITORS & NON-EXHIBITORS! 


Get the most from your advertising by using this special WESCON 
issue of. Military Automation—the new publication with the greatest 


impact to date in the field of military electronics and control. 


FINAL AD CLOSING DATE IS JULY 15, 1957. Call or 


write Military Automation, 845 Ridge Ave., Pittsburgh 12, Pa. 
FAirfax 1-0161; or any of the reps listed on page, four. 
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You Get Things Done With 
Boardmaster Visual Control 








New Products—Continued 





STABILITY TESTER 


New “Model 5004 Microwave Sta- 
bility Tester” measures changes in 
frequency of microwave oscillators to 
a new high degree of precision: at S- 
band, the change that can be indi- 


achieve selectable selectivity; can be 
incorporated between mixer and IF. 
amplifier of a single conversion re- 
ceiver; come with complete instruc- 
tions including mixer and IF circuit- 
ry.—Hycon Eastern, Inc., 75 Cam- 
bridge Parkway, Cambridge 42, Mass. 


Lit Bits—Continued 





Airborne Particulate 
Radioactivity 


cated is less than 2 cps. Instrument sivele 808 on lnnsliy cord. 


SUMMATION AMPLIFIER 


New “Model 807” single-channel 
completely transistorized series sum- 


For more information 
Isotopes present in the atmosphere as particulates, 
adhering to particles of dust, can be concentrated by 


a 


7 "-aR8eR 
. Wiesee 


drawing a large quantity of air through an efficient 
filter. For example, if 200 cubic feet of air are drawn 






































et bees. golly Pc neat through a filter paper which collects all of the particu. 
as an isolation amplifier with any late activity present in this volume, the radiation from Riee 
standard 400-cps resolver. It provides activity collected when the concentration is 2 x 10” Rearend 
pe/ce is approximately 100 dpm. This amount of ac. from m 
BOARDMASTER VISUAL CONTROL tivity is readily measured by standard counting tech. fj variabl 
vy Gives Graphic Picture—Saves Time, niouess 60 sps 
Saves Money, Prevents Errors ee selectak 
vy Simple to operate—Type or Write on M268 Devices for monitoring fiterable radioactivity in J syne or 
Cards, Snap in Grooves | . | =‘ ft: _ he fixed fi : 1 lectable 
Yy Ideal for Production, Traffic, Inventory, measures drift and rate of drift of the atmosphere are of two types—the fixed filter, or iene 
te ro me ayer cy Etc. - oscillators; therefore has many appli- the continuously moving filter. The fixed filter is con. a 
t t tractive. ati > > i i il- 2 i 
Over 150,000 in — - — =. aa ee ae structed so that air is drawn through a filter at aff screen 
Full price $4g50 take readings at S-, L-, C- or X-band; complete compensation for phase shift 
with cards can take stability measurements at errors and non-linearities caused by DIG 
FREE 24-PAGE BOOKLET MT-20 80 Mc and from 30 ke to 230 ke. Fea- inductance, reactance, etc., of resolver 
Without Obligation ture: readings can be taken instanta- systems. It maintains inherent re- New d 
neously and monitored continuously. solver accuracies by offering an ex- digital s 


Write for Your Copy Today 


GRAPHIC SYSTEMS 


55 West 42nd Street e New York 36, N.Y. 
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ELECTRICAL 
ENGINEERS 


Challenging positions open for 
high caliber Electrical Engi- 
neers to work in interesting re- 
search and development pro- 
grams in instrumentation and 
circuitry. 

We offer an opportunity to do 
non-routine research with some 





—Laboratory for Electronics, Inc., 75 
Pitts St., Boston 14, Mass. 
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CRYSTAL FILTERS 





New “Models 2215-KA and 2215 
KB High-frequency Band-pass Crys- 
tal Filter” make it possible to build a 
receiver that overcomes disadvantages 
of multiple conversions while retain- 
ing practically all advantages. “Model 





tremely high impedance to the driving 
resolver and low impedance to the 
driver resolver. Operating life of over 
8000 hours; accuracy better than 
0.1%; phase shift errors less than 
0.15°; operating efficiency over 90%; 
temperature range —55°C to 85°C.— 
Maxson Instruments Div., W. L. Max- 
son Corp., 47-37 Austelle Place, Long 
Island City, N. Y. 
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DC TO AC POWER SUPPLIES 


New light-weight tubeless highly 
efficient de and ac power converters 
enable portable, aircraft, and vehicu- 
lar electronic equipment to be battery- 
powered. Standard units produce up 









possible 
recourse 
conjuncti 








bit shaft 
vide dig 





2215 KA” is designed for voice uti- 8865 

of the leading engineers in the | P a 
field. This is an opportunity ’ : : ; ; tional s 
to be creative and experience ‘ Mobile, continuous filter unit. ie on 
satisfaction of accomplishment ; -cooggely 
and contribution. 3° known rate for a measured period of time. The exposed relays , 
Excellent employee benefits, | 5 filter is then removed from the sampler and monitored § readily | 
good salary, and working con- | = for radioactivity. ll 
ditions. Please send resume to: 9 ewe << 5 sie’ \caus The continuous filter system records the level of § Commer 
E. P. Bloch ce $00 en: denis 00 ede teeth: onsen radioactivity collected on a moving tape of filter pa 9 ~°"e | 

| 2 - units up to 2 kva; also de to 3-phase. per. The rate at which the sample is drawn through 

ARMOUR RESEARCH é Units can be made to meet MIL specs; the filter paper and the speed of the moving filter, LABOR 
FOUNDATION | as : —_ Qe a as ad ‘fo Liye when combined with the counting rate, permit calcula § 7, | 
of lizing a 2800-cps 6-db bandwidth; IOV A/116.1000" which p< aedl 100 tion of the concentration of radioactivity in the atmos §{ different 
Illinois Institute of Technology “2215 KB” has a band of 250 cps and va (100 vac, 1000 cps at 1 amp) and phere on a continuous basis. (From new 8-page Bulle- L225” f 


10 West 35th Street 
Chicago, Illinois 








170 ‘ 


is of primary interest in CW recep- 
tion. Both are electrically and me- 
chanically interchangeable; can be 
cascaded in any combination to 


weighs 3% lb.—UAC Electronics Div., 
Universal Transistor Products Corp., 
143 E. 49th St., New York 17, N. Y. 
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tin RM1-100, Tracerlab Inc., 130 High St., Boston 10. 
Mass.) 


For this literature circle 108 on inquiry card. 
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PANORAMIC-TYPE SPECTRUM ANALYZER 


Three newly improved types of 
“Model SB-8b Panalyzors” have (a) 
continuously-variable sweepwidth 
from maximum to 0; (b) continuously 
variable scanning rate from 1 through 
60 sps with one control and three 
selectable modes: free running, line 
syne or external sync; (c) three se- 


| lectable types of amplitude displays: 


linear, log or square law; (d) flat- 
face CRT with edge-lit calibrated 
screen and camera mount bezel. * 


(1) “Type T-10,000” has differential 
markers to show frequency disper- 
sion, 10-Mc maximum sweepwidth and 
resolution range from 100 kc to 9 ke; 
(2) “T-1000” has 1-Me maximum 
sweepwidth and resolution range from 
10 ke to 200 eps; (3) “T-200” has 
200-ke maximum sweepwidth and res- 
olution range from 4.5 ke to 50 cps.— 
Panoramic Radio Products, Ine., 10 
S. 2nd St., Mount Vernon, N. Y. 


For more information circle 314 on inquiry card. 








DIGITAL COMPARATOR 


New digital comparator, for use in 
digital servo control systems, makes 
possible true digital control without 
recourse to counting techniques. In 


conjunction with maker’s 13-bit or 19- 


bit shaft position encoder, it can pro- 
vide digital control. through conven- 








tional servo amplifiers and motors. 
This enables application of digital 
control to existing servo systems with 
least change of components. Using no 
relays or tubes, comparator can be 
readily packaged for rugged environ- 
ments and with great flexibility of 
configuration.—Norden-Ketay Corp., 
Commerce Road, Stamford, Conn. 
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LABORATORY POWER SUPPLIES 


Two new lab power supplies give 
different output ranges: “Model PS- 
L225” for 125-325 v @ 0-200 ma de, 
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6.3 v @ 10 amp ac; and “Model PS- 
L425” for 325-525 vde range. Both 
have regulation better than 0.25% 
against load and line and ripple less 
than 3 mv rms; are designed for 
heavy-duty continuous operation; in- 
corporate protection against over- 
loads or internal failure. Input 105- 
125 v, 50-400 cps.—Reflectone Corp., 
Stamford, Conn. 


For more information circle 316 on inquiry card. 


KNURLED KNOBS 


New “Type BG” precision knurled 
knobs are available in three shaft 


t 
a 





. 


sizes: 4%”, *” and 4%”. Knob diam- 
eters range from 1” to 2”. Material: 
#303 stainless steel, clear passivated. 
—PIC Design Corp., 477 Atlantic 
Ave., East Rockaway, N. Y. 


For more information circle 317 on inquiry card. 


ACCELERATION PICKUPS 


New ‘‘Series 
400’’ piezoelectric 
acceleration pick- 
sups, employing 
barium titanate in 
> compression for 
operation over ex- 

tremely wide ac- 
celeration and frequency ranges, have 
a natural frequency of 75 kc, a usable 
acceleration range from 0.03 to 40,000 
G, a frequency range from 0.05 to 





20,000 cps, and a sensitivity of 30 mv/ 
G. Other pickups with various sizes, 
weights, mounting configurations and 
sensitivities available-—Columbia Re- 
search Labs., Woodlyn, Penna. 


For more information circle 318 on inquiry card. 


SERVO SYSTEM ANALYZER 


New “Model F Servoscope” meas- 
ures frequencies from 0.005 cps (one 
cycle in 34% min) to 100 cps; provides 
sine, modulated sine and square-wave 
signals as well as linear sweep on 
four ranges. For less exacting re- 
quirements, maker offers four other 


models: all five will accept carrier 
frequencies of 50 to 5000 cps from 








the same source used for system un- | 


der test.—Servo Corporation of Amer- 


ica, 20-20 Jericho Turnpike, New | 


Hyde Park, N. Y. 
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MICROMICROAMMETER 


New “Model 412” logarithmic mi- | 


cromicroammeter features a single 6” 
scale indicator covering six decades 
from 10°” to 10° amp; is extremely 
stable; economical in cost, and has 
exceptionally fast response: less than 
2 sec to 90% for currents larger. than 
10°” amp with 5000 mmf across input. 
Zero drift is within 0.5 decade in 8 
hr. A 216-v tap for polarizing ion 
chambers is provided and a 6-v output 
(proportional to input) 





can drive | 


either 50-mv or 5-ma_recorders.— | 


Keithley Instruments, Inc., 12415 Eu- 
clid Ave., Cleveland 6, Ohio. 
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other Transmission Media. 
* Lenses and Prisms of Many Types. 
* Test Glasses. 


PRECISION OPTICS 
2759 Frankford Ave., 


* Complete Optical Instruments made to Specifications. 
* Design and Manufacture of Optical Systems using Glass, Crystal or 





Who likes to keep a customer waiting? Not the men of Plummer & 
Kershaw at any rate. Unfortunately scheduling is easy but producing 
to the high quality standards that have made P & K respected, Is 
another thing. Work done with skill and care is not work that can be 
produced quickly. As inevitable then as night follows day it is necessary 
to specify longer delivery dates—we feel sure you wouldn't want it 
otherwise. 


TURN TO PLUMMER AND KERSHAW FOR— 


PLUMMER and KERSHAW 


Philadelphia 34, Pa. 
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ONE HUNDRED 


Volume | 
CIRCUITS 1-100 


COVERS 
Power Supply Circuits 
Amplifier Circuits 
Oscillator Circuits 


Pulse Circuits 


Alarms 


Controllers 


$2.00 postpaid 





Milton H. Aronson 


Charles F. Kezer 


ELECTRONIC CIRCUITS 


Test Instrument Circuits 
Phase Shifters 


INSTRUMENTS PUBLISHING CO. 
845 Ridge Ave., Pittsburgh 12, Pa. 
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a new note in 
gub-miniature 


~ 
+ 
a 
*. 


Making “sweet music 
together” —missile control 
systems and the new 
HG-2SM-R, sub-miniature 
relay by Hi-G. 

This rugged relay measures 
only 1%” by .635” 

in diameter... surpasses 
all applicable portions of 
MIL-R-5757C and 
MIL-R-25018. Contacts 

5 Amps resistive... 

2 Amps inductive 

at 28 VDC or 115 VAC. 
Coil voltage from 

6—200 VAC. 

For all the facts. write today. 


another outstanding 


Hi-G relay 


HG-E2 


Sub-miniature. . . hermetically sealed . . . 
space saving, this HG-E2 relay measures 1” square 
by *442” ... meets MIL-R-5757C. Designed 
for operating temperatures up to 125°C. with 
long-life characteristics at rated contact loads of 
2 amps at 28 Vdc or 115 Vac. Coil resistance ranges 
of 50 to 10,000 ohms. Hook terminals or straight 
pins for plug-in and printed circuit applications 
are standard. Available in Form A, B, or C contact 
arrangement with maximum of two poles... 
for AC operation with internally mounted 
silicone rectifiers. 


Today .. . find out more 
ebout the complete line of Hi-G 
sub-miniature relays. 


=r 


BRADLEY FIELD « WINDSOR LOCKS, CONN. 
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New Products—Continued 
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AUTOMATIZED 


New “Model 123A Cardmatic Tube 
Testing Machine” utilizes a punched 
card system to automatically set and 
test to a user’s specific circuit re- 
quirements. Preselected voltages on 
screen, plate, grid or filament are tab- 
ulated on vinyl type cards which are 
inserted into tester and trip a mechan- 
ism to make all electrical connections 
necessary for testing of any receiver 





TUBE TESTER 


tube. An infinitely large number of ex- 
actly-controlled voltages (formerly 
possible only in lab type testers) is 
available for testing tubes in special- 
purpose circuits. Unskilled personnel 
can run lab-accuracy tests on a pro- 
duction line basis—The Hickok Elec- 
trical Instrument Co., 10519 Dupont 
Ave., Cleveland 8, Ohio. 


For more information circle 321 on inquiry card. 
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FILM DATA READING AND RECORDING SYSTEM 


New system uses 16-mm and 35-mm 
cameras with speeds to 32 exposures 
per second to record digital informa- 
tion at rate of 2880 bits per second. 
Applications include control systems 
evaluation, theodolite recording, ra- 
dar recording and document, filing. 
System normally includes a camera 


with digital recording head, analog- 
to-digital converter, amplifiers, relays, 
control units, film reading system, de- 
coding section, print-out equipment 
for visual examination of data and 
punched paper tape output recorders. 
—Magnavox Co., Department NP, 
Fort Wayne 4, Ind. 


For more information circle 322 on inquiry card. 
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Dampometer 


The usual method to measure the damping of a me. 
chanical or an electrical linear system is to let the 
system perform decaying oscillations and to register 
the amplitude of the oscillations as a function of time 
The logarithmic decrement and the frequency cap 
then be obtained, permitting the damping factor 6 
the system to be determined. This procedure is straight. 
forward but rather tedious. Furthermore, due to the 
many steps involved, the accuracy of the procedure 
is not always very good. There has, therefore, for 4 
long time been a need for an apparatus designed t 
evaluate automatically the logarithmic decrement and 
the frequency of decaying oscillations. Such an appa. 
ratus, which gives the values of the above mentioned 
quantities in decimal digits simultaneously with the 
oscillation test, has now been constructed. 

The “Dampometer”* is based on the idea of repre. 
senting the harmonic damped oscillation by a rotating 
vector in such a way that the rate of decrease of the 
length of the vector is a measure of the damping of 
the oscillating system. The curve thus described by 
the end of the vector is a logarithmic spiral. 

The oscillation to be investigated is introduced as 
a voltage to the four deflecting plates of the cathode. 
ray tube with a 90° phase shift between successive 
plates. The resulting reflection of the cathode ray, ic. 
the length of the radius vector to the spot on the 
screen, is proportional to the ordinate of the envel. 
opes of the oscillation. When the oscillation is damped, 
the spot moves on a logarithmic spiral towards the 
center of the screen (one revolution corresponding to 
one cycle of oscillation), as shown in Fig. 1. 








yo 
a=aqi/ 


Fig. |. Damped decay and its scope trace. 





The screen is covered by a circular disk with a num- 
ber of equally spaced radial slots, all of which are of 
the same length and are situated at the same distance 
from the center, see Fig. 2. While the spot moves on 
the spiral, it passes the slots in the screen and thus 
gives light pulses to a photocell. The number of pulses 
produced by the cathode ray, while the radius vector 
of the spiral decreases from the outer to the inner 
radius of the slots, is registered on an electronic cour 
ter, which gives the number directly in decimal digits. 
* Patent applied for 
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The logarithmic decrement of the oscillation is in- 
versely proportional to this number. 

\ second electronic counter is used to measure the 
time over a number of pulses thus determining the fre- 


me. y of the oscillation. 
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Fig. 2. Slots allow counting as 
beam spot traces its spiral. 
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The frequency range of the present apparatus is 0.5 





z of § —500 cps, but the principle can be adapted to fre- 

| by & quencies up to the order of 1 mc. (From new 36-page 
brochure, Oltronix, 235 Underwood Dr., N. W., At- 

d as B lanta 5, Ga.) 

ode: For this literature circle 109 on inquiry card. 

sive 

ie) Servoscope Servo Analyzers 

the By measuring the relative amplitude of the output 

vel B and input patterns and taking simultaneous phase 

ped, readings, sufficient data is obtained to plot a phase 


the 


and amplitude characteristic on the complex plane 
g to 


(Nyquist diagram) of the servo system or component. 


um: 
e of 
ance 
; on 
thus 





FIG. J 


FIG. K 
Representative patterns 
The data may also be used to plot a log amplitude— 





ctor B log frequency curve (Bode diagram) or a log ampli- 
inet & tude—phase diagram (Nichols diagram). (From new 
un’ B 4-page TDS 1100, Rev. 357, Servo Corp. of America, 
its, 


20-20 Jericho Turnpike, New Hyde Park, N. Y.) 
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New “CA-9” refractory cement will 
hold metal to metal, glass, or ceramics 
at temperatures from —420°F to 
1000°F;; is dielectric and highly shock- 
resistant throughout its temperature 
range (upper limit extendable to 
1500°F modifying composition). Ma- 
terial remains slightly malleable after 
drying, hence will not crack, craze or 
check even if used on a repeatedly 
flexing surface or to join materials 
with widely different thermal expan- 
sion coefficients. It was developed to 
attach surface-temperature trans- 
ducers, strain gages, and lead wires 








REFRACTORY CEMENT 


to the skins of guided missiles (see 


composed of ground phlogopite, a poly- 


For more information circle 323 on inquiry card. 


illus). A joint of “CA-9” between two 
pieces of metal will resist 80 psi shear 
force at.ambient temperature up to 
990°F. “CA-9” is waterproof, nonhy- 
groscopic; unaffected by most re- 
agents; is unaffected by 15 minutes 
of 45 G vibration through a 1” double 
amplitude at 1500 cps. Wires em- 
bedded in it are not shorted by com- 
plete submersion in water. “CA-9” is 


siloxane polymer, and refractory ox- 
ides.—Charles Englehard, Inc., 850 
Passaic Ave., East Newark, N. J. 








DOUBLE-ENDED COIL FORM 


New “LS-14 dou- 
ble-ended minia- 
ture coil form al- 
lows space for pri- 
mary and second- 
ary windings, with 
separate tuning 
slugs for independ- 
ent tuning of each 
section, is available 
in several frequen- 
cy ranges. Ap- 
proximate meas- 
urements %” OD 
and 11%4” over-all 
length excluding 
tuning slugs. 
Available with up 
to six terminals; mounts by means of 
threaded middle section. Interior is 
made up of powdered iron components 
and main housing is_ nickel-plated 
brass. Tuning cores are held in ad- 
justment by built-in locking devices. 
—Cambridge Thermionic Corporation, 
445 Concord Ave., Cambridge 38, 
Massachusetts. 
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ACID-RESIST LACQUER 


New “Nelco Stop-Off Lacquer” is 
said to possess “exceptional printing 
qualities that assure exact reproduc- 


_ tion and complete retention of the de- 


posited image.” Formulated for silk 


screen printing of circuit design, it 
deposits a positive protective coating 


on metal or plastic laminate prior to 
acid bath operation. It air-dries tack- 
free in 30 min or can be force air- 
dried at 160°F for 5 to 10 min with 
the same results—whence elimination 
of baking operations. Its protection 
to lacquer-coated surfaces during 
etching, in regular production, cuts 
down incidence of broken circuits “by 
as much as 80% according to field 
reports.”—Chemical Products Corp., 
Dept. ARL, King Philip Road, East 
Providence, R. I. 

For more information circle 325 on 


TRIMMERS 


, 


inquiry card. 


New “Acetrims,” subminiature pre- 
cision wire-wound units with tabs for 
printed circuit applications, have all 
features of maker’s regular line of 
1%” precision trimmers, with round or 





flat tabs in place of terminals; 10 to 
150,000 ohms resistance; power 2 w 
@ 60°C max; temperature —55°C to 
125°C; sealed; moisture-proofed; anti- 
fungus treated; withstands severe 
shock, vibration, acceleration; meets 
applicable MIL specs.—Ace Electron- 
ics Associates, Inc., 103 Dover St., 


Somerville 44, Mass. 
For more information circle 326 on inquiry card. 








AMPLIFIERS 





| PURPOSE 







Er ee ed 
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You can get DuKane amplifiers 
in quantity for any purpose in 
any size built to highest precision 
standards inherent in all 

DuKane products since 1922. 


Reliable DuKane amplifiers are 
performing in many of the mili- 
tary’s toughest assignments... 
evidence of the customer’s con- 
fidence in DuKane’s ability to 
engineer and produce quality 
products on time. 


A 1-ounce ampli- 
fier like this can 
“move a mountain 
of metal” ina 
bomber control 
system. By con- 
trast, DuKane has 
built amplifying 
systems weighing 
well over a ton! 





~~ 


wo 





4 
DuKane's dependable commercial electronic 
products are serving industry, schools, hospitals 
and offices across the nation! Details upon request! 





industrial and School 
Sound Systems 


= 


Private Telephone 
Systems 





Flexifone & 
Nurses’ Call 


ay 


Micromatic Sound 
Slidefilm Projector 














cocoon oo ee 4 
| For information on DuKane's capabilities, write 
| DuKane Corporation, Dept. £.6 

| St. Charles, IMlinois 
! 

Name ——__—_ —— 

1 | 
| Address — 
City State —____.._... | 
| Firm | 
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the only 


SINGLE SOURCE 
FOR EVERY 
TYPE OF 


TEFLON 


WIRES AND CABLES 





Hook-up and Lead Wires 
Single & Multiple Conductor 






Write for oa v 
TEFLON Miniature, Coaxial and 
— RG Coaxial Cables 


Extruded and Scintered Tape Insulation Con- 
structions With a Full Range of Jacketings 
Including: Scintered Teflon Tape; Glass Braid 
and Vinyls. 


DEPT. TT 


e 
Tim es WIRE & CABLE COMPANY, Inc. 


An Affiliate of 
The International Silver Company, Inc. 


WALLINGFORD, CONNECTICUT 
For more information circle 2# on inquiry cara. 
Reads to 20 millionths .. . FAST! 
CARSON-DICE 
AUTOMATIC ELECTRONIC 


MICROMETER 


Unexcelled for high-speed, direct precision measurement 
of anything fragile or compressible . . . conducting or non- 
conducting. Widely used on: 
SEMICONDUCTORS DEPOSITED FILMS 
GRIDS CLOSE TOLERANCE PARTS 
COATED CATHODES DIAPHRAGMS 


Negligible measuring pressure. Send for FREE BULLETIN 
4005, 


J. W. DICE COMPANY 


Englewood 19, New iecsansid 
or more information ci ircle” 28 o on in quiry card. 


| PRECISION LAMINATIONS 


ae 10 to 14 DAY 


py z 












DELIVERY ON 


experimental or pilot runs 





bill flat poner concentric laminations. 
Lamination Dies—Carbide, Hi-Carbon, Hi-Chrome. 


DANCO TOOL & MOLD CO. &: 


PHOENIXVILLE, PENNSYLVANIA 
GATEWAY TO VALLEY FORGE 











WELLINGTON 3-7184 











For more information circle 29 on inquiry card. 


174 








New Products—continued 





PROGRAMMER COUNTER 


New “Multiple Programmer Count- 
er” for missile guidance systems, 
starting systems, etc., can be applied 
where a plurality of switch contacts 
would be required at selective prede- 
termined numbers. It closes from one 
to eight or more switches at selective 
predetermined settings within a given 
range; can be set to give consecutive 
contacts at such varied numbers as 









M 262 


4, 158, 975, 40128. Mechanically, it 
is a double-deck end-drive predeter- 
mined counter for rotary drive. Case 
size 5-%” L, 3” H, 2-%” D; speed 500 
rpm at input shaft; weight 35.5 oz. 
Meets MIL spec covering salt spray, 
humidity, temperature, and fungus. 
Durant Mfg. Co., 1914 N. Buffum St., 
Milwaukee 1, Wis. 
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“BREAKOUT” 


New multi-branch multi-conductor 
“breakout” cable, developed specific- 
ally for missle wiring, but adaptable 


Mi89 


to commercial applications. There are 
141 conductors, layed by a specially 
constructed planetary strander. Al- 
though terminating in a 3-branch 
“breakout” this cable permits continu- 
ous circuitry as there is no junction 
in “breakout.” Moreover circuits can 
be completed between any two or all 


t 


three branches without originating 
in the prime cable.—Pacific Autom- 
ation Products, Inc., 1000 Air Way, 
Glendale 1, Calif. 


For more information circle 328 on inquiry card. 


POSITION SWITCH 


New “Capswitch,” developed for 
use in aircraft and guided missiles 
but adaptable to any type of control 
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where repeatability within 0.001” is 
desired, signals when a valve (or 
other device) has completed its closing 
or opening cycle. It is mechanically 
actuated by a sealed plunger, which 
is depressed by valve stem or other 
member.—Bridgeport Thermostat 
Div., Robertshaw-Fulton Controls Co., 
Milford, Conn. 


For more information circle 329 on inquiry card. 


SERVOMECHANICAL PARTS 


New parts designed especially for 
airborne 400-cps servo systems in ap- 
plications where space is at a premi- 
um and low system inertias are re- 
quired, comprise all essential mechani- 
cal parts: not only dial assemblies, 
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couplings, differentials, etc., but a 
complete line of precision class II 
gears; can be purchased separately or 
in kit form.—Reeves Instrument 
Corp., 207 E. 91st St., New York 28, 
N. Y. 


For more information circle 330 on inquiry card. 


GEARMOTOR 


New “Type 5602-02” size-18 low- 
speed high-torque motor-gear-train 
with unusually great output for its 
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CATHODE-RAY 


New “Type 316” combines a dc-to- 
10-Mc pass-band, high sensitivity, and 
wide sweep range in a 35-lb instru- 
ment 12” high and 19%” deep. Verti- 
cal amplifier has 12 calibrated deflec- 
tion steps from 0.01 v/div to 50 v/div 
with ac-coupled steps from 0.01 v/div 
to 0.05 v/div; 0.035-usec rise-time from 
0.1 to 125 v/div, 0.04-usec rise-time 
from 0.01 v/div to 0.1 v/div; bal- 
anced 0.25-usec delay network. Time 





OSCILLOSCOPE 


For more information circle 332 on inquiry card. 


base has 22 calibrated steps from 0.2 
usec/div to 2 sec/div, 5X magnifier 
and triggering circuitry with preset 
stability for all triggering modes. 
Other features are 1.85-kv accelerat- 
ing potential on a new Tektronix 3” 
cathode-ray tube with 8 x 10-div linear 
viewing area, electronically-regulated 
power supplies, and square-wave volt- 
age calibrator.—Tektroniz, Inc., P.O. 
Box 831, Portland 7, Oregon. 








size can be operated in temperatures 
as low as —55°C. Length 2.8”; out- 
put torque 25 oz-in at 1.7 rpm unload- 
ed. Rated for continuous duty at 115v 
60 cps. Available with flange or 
other mounting types and with brake 
if desired—John Oster Mfg. Co., 
Avonic Div., Racine, Wis. 


For more information circle 331 on inquiry card. 


TEFLON-AIR COAXIAL CABLE 


New High-Temperature Low-Ca- 
pacitance Teflon Air Dielectric mini- 
ature 0.220”; conductor is #30 AWG, 
738 silver-plated copperweld. Choice of 





outer jackets of Teflon, lacquered ny- 
lon braid, Teflon or silicone-impregn- 
ated glass braid, etc. Low attenuation 
makes cable particularly useful for 
HF low-level applications and as low- 


capacitance probe cable. Capacitance 
values of less than 10 mmf available 
on request.—Tensolite Insulated Wire 
Co., Ine., 198 Main St., Tarrytown, 
N.Y. 


For more information circle 333 on inquiry card. 


RECORDING OSCILLOGRAPH 


New Model 561 oscillograph fea- 
tures ruggedness, small size (5” x 6” 


x 9”) and wide range of recording 
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speeds and the addition of trace iden- 
tification. Speed selections from 0.5 to 
80 inches per second, with a magazine 
capacity of 92 feet of recording pa- 
per and beam-type interrupter iden- 
tification —Midwestern Instruments, 


Tulsa, Okla. 


For more information circle 334 on inquiry card. 
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Specialists in conductivity wire. 


Precision drawn to close 
resistance control in the 
smaller sizes. 
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Write for List of Products 


A 
SIGMUND COHN corp. AA 


12) SOUTH COLUMBUS AVE., MOUNT VERNON, N. Y 


For more information circle 30 on inquiry card. 











The Time Has Run Out... 


when timing control can be left to anything 
but the most dependable and accurate units 
available for the task. 





General Control Company has developed 
a superior Electronic Timer for relatively 
short timing periods (i.e. 60 milliseconds to 
60 seconds) for the automatic control of 
industrial operations, equipment and 
processes. 


e Standard plug-in condensers and tubes 
for ease of replacement. 


e Easily accessible terminals. 





@ Prompt delivery. 


Write for Bulletin ET-600 or see our catalogs 


TYPE ETB 


Enclosed or bare chassis models 


in Radio’s Master or Sweet's Product Design File. to suit your application. 





SWITCHING 
TIMING 


GENERAL CONTROL COMPANY 
1228 Soldiers Field Road + + Boston 34, Massachusetts 











For more information circle 31 on inquiry card. 











° Specifically designed for ALL your 
now available from stock laboratory, prototype, research 


the and development needs... 


* 36 individual assortments 


* 8 stranded sizes (16 thru 30) 
WIDEST VARIETY * 10 Mil-approved solid colors 
* 100’, 50’, 25’, 10’ spools 
of 
TEFLON’ 


wire 


KITS 


Ad 


In Canada: ALPHA ARACON RADIO, 29 Adelaide St. W., Toronto 1, Ontario. 


tor more intormation circle 32 on inquiry card. 









extruded hook-up wire per 
MIL spec 16878 — Type E 


Buy it from the leading 
electronic parts distributors 
coast to coast. Write for 
Bulletin T-2 and name 

of nearest distributor. 


. . . from prototype to mass production 















ALPHA WIRE CORP., 200 Varick St., New York 14, N. Y. 











Made from all grades of paper and cloth base laminated 
Phenolic, including Machining and Punching grades. 


* Glass Silicone * GlassMelamine * Epoxy Glass 
* Nylon * Fibre * Fish Paper 


Our fabricating is done in our well equipped Fabricating 
Department, with standard and special machines, and 
with the most modern, efficient methods. This department 
is staffed by men with the long experience and the 
“know-how” to produce fabricated parts that exactly 
meet your needs. We are equipped to help in the design 


m FABRICATED PARTS 





and development of your specific requirements. 


NATIONAL TEL-TRONICS CORPORATION 


52 ST. CASIMIR AVENUE YONKERS. N.Y TEL. YONKERS 88-6400 


For more intormation circie 33% on inquiry card. 








ELEMENTARY ENGINEERING ELECTRONICS 


With Special Reference to Measurcment and Control 
By ANDREW W. KRAMER 


Managing Editor Power Plant Engineering, Member American Institute of 
Electrical Engineers, Associate Member Institute of Radio Engineers. 


Cloth, 344 pages, 259 illustrations, 
$1 postpaid 


This is a PRACTICAL treatment of principles and applications. It is NON- 
MATHEMATICAL—no equations beyond elementary-algebra level in the text 
—fewer than a dozen of these to be learned. 


Check, money order or cash must accompany order 


INSTRUMENTS PUBLISHING CO. - 


845 Ridge Avenue, Pittsburgh 12, Pennsylvania 












New Products— Continued 








BEACON TRANSMITTER 
New completely transistorized UHF 
Beacon Transmitter is so small that 
it has been built inside a standard 





size sardine can. Using printed cir- 
cuitry throughout it is capable of 
sending radio signals a distance of 25 
miles continuously for a period of 24 
hours. Designed primarily for mili- 
tary. applications as an emergency 
signalling and communications device, 
the “sardine can” transmitter can be 
modified for voice or code operation 
at frequencies other than the 280 to 
322 me for which it was designed.— 
Electronics Div., Fairchild Controls 
Corp., Robbins Lane, Syosset, L. I., 
N.Y. 


For more information circle 335 on inquiry card. 


MICROWAVE COAXIAL 
ATTENUATOR 


New Coaxial Continuously Variable 
Broadband Attenuator is said to be 
the first broadband, very low inser- 





ys08 


tion loss attenuator in the field. The 
insertion loss is 1 db maximum for 40 
db unit and % db maximum for 20 
db unit. The operating range is any 
100% band width from the frequen- 
cies 100 to 3300 me. Accuracy is 
+0.25 db for 100% frequency range. 
Essentially linear scale is 7” long. 
Douglas Microwave Co., Inc., 252 E. 
Third St., Mt. Vernon, N. Y. 


For more information circle 336 on inquiry card. 


VARIABLE DELAY UNITS 


New continuously variable delay 
lines Models 501 to 505 feature delay 
ranges of 0—0.9 microseconds to 0— 
15.0 microseconds. A single control 
shaft, in ten turns, covers the en- 





tire delay range from zero to maxi- 
mum. Resolution is better than 1/1009 
of maximum delay. Termination is 
external. Outside dimensions are 74” 
x1”x1%”". The new units meet all ap- 
plicable Mil-Specs.—ESC Corp., 534 
Bergen Blvd., Palisades Park, N. J. 


For more information circle 337 on inquiry card, 


MULTI-CHANNEL 
OSCILLOGRAPH 


New Model M-133 pen motor is a 
compact, lightweight unit especially 
designed for multi-channel recording 





M3iz 


systems. Over-all dimensions are 
4%” long x 14%” wide x 3%” high. 
Weight—1% lbs. A built-in microm- 
eter set screw makes possible ac- 
curate pen alignment to a common 
time axis. The M-133 pen motor is di- 
rect linking. Features include true 
rectilinear motion of the pen tip due 
to a novel linkage assembly, excellent 
transient response due to critical 
acoustic damping, current input flat 
from de to 60 cps.—Massa Labora- 
tories, Inc., 5 Fottler Road, Hingham, 
Mass. 

For more information circle 338 on inquiry card. 


PRECISION RESISTANCE 
NETWORK 


New precision resistance network 
splits 600 volts into two parts within 
0.01% over the temperature range of 





0°C to 100°C and under adverse en- 
vironmental conditions. Network is 
completely encapsulated and hermet- 
ically sealed.—General Resistance, 
Inc., Dept. 19, 577 E. 156 St., New 
York 55, N. Y. 


For more information circle 339 on inquiry card. 
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NETWORK SWITCHING TUBE 
New BL-148 is a high voltage, her- 

metically sealed, armature type relay 

developed for switching radar pulse 
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forming networks. One set of SPST 
high-voltage switch elements and two 
sets of low-voltage SPST elements 
are simultaneously operated from a 
26.5-v d-c source. It can handle high 
voltages without breakdown.—Bomac 
Laboratories, Inc., Salem Road, Bever- 
ly, Mass. 


For more information circle 340 on inquiry card. 


VERTICAL GYRO 


New vertical gyro type WG-2 pro- 
vides two-axis vertical reference data. 
The spin-axis is slaved to gravity by 





; 
f mt sis 


a gravity-sensitive vertical reference 
which supplies control signals to 
torque motors which maintain the 
gyro spin-axis parallel to the gravity 
vector. Output signals are supplied 
by two synchros coupled to the gim- 
bal axes and are proportional to 
sines of the angle of displacement of 
the gyro base axis from the vertical. 
—Waltham Watch Co., c/o. Harry 
Brager Associates, 1457 Broadway, 
New York 36, N. Y. 


For more information circle 341 on inquiry card. 


OVEN 


New “multi-purpose” AM-100 oven 
yields exacting temperature control of 
crystals, circuits. components and/or 





complete sub-assemplies. Features in- 
clude stability of +0.1°C. Standard 
octal plug-in (stud mounting avail- 
able).—Bulova Watch Co., Electronic 
Div., P-765, Woodside 77, N. Y. 


r more information circle 342 on inquiry card. 


COMPUTER INDICATOR TUBE 


New Type 6977 filamentary sub- 
miniature indicator triode with fluo- 
rescent anode is designed for visual 


M30] 


monitoring of transistorized com- 
puters and other transistor circuits. 
The 6977 is approximately 1%” long 
and less than 4%” in diameter. It 
gives a bright blue-green indication 
when its control grid is at zero po- 
tential. It is designed for 20,000 hours 
life. The heater voltage is only 1 
volt, 30 ma, ac or dce.—Computer 
Products Div., Amperex Electronic 
Corp., 230 Duffy Avenue, Hicksville, 
hi Oe Oe 


For more information circle 343 on inquiry card. 


FREQUENCY METER 


New 400-cps Model 200 frequency 
meter for aircraft instrument panels 
is designed in conformance with mili- 





tary specification (MIL-E-5400) and 
provides %4 of 1% accuracy over. the 
temperature range —55°C to 70°C.— 
Consolidated Avionics Corp., Stam- 
ford, Conn. 


For more information circle 344 on inquiry card. 


MICA CAPACITORS 


New line of plastic-coated dipped- 
mica capacitors feature greater sta- 


- bility, new versatility and are smaller 





than conventiona! units. Meeting all 
the applicable RETMA test standards 
for molded mica capacitors these units 
offer long life and improved temper- 
ature coefficient range.—Application 
Engineering Dept., Aerovox Corp., 
New Bedford, Mass. 


For more information circle 345 on inquiry card. 





Snake in the grass | 


Wide Area Infrared Detection System 
Unerringly Seeks Out Target 


A passive infrared detection 
system can spot its target through 
the most elaborate camouflage 
without revealing its own position 


OF AMERICA 





or source. It performs effectively day 
or night. It is unaffected by 
electronic countermeasures. 


High-speed, passive infrared detection 
systems are part of the more than 20 
passive infrared weapons systems produced 
by Servo Corporation of America 
for the military. 





These practical, operational infrared 
systems demonstrate Servo Corporation of ple 
America’s ability to solve 
inherently difficult design and 
manufacturing problems. 


To learn more about the application sar : 

of infrared detection to military weapons 
systems, please request, “IR-9902-56A” 
on your company letterhead. — me 


For more information circle 34 on inquiry card. 
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20-20 Jericho Turnpike 
New Hyde Park, L.I., N.Y. 











Maintenance and 
Servicing of 
Electrical 
Instruments 


By 
JAMES SPENCER 


For 20 years in charge of Instru- 
ment and Relay Department, Meter 
Div., Westinghouse Electric Corp. 


Third Edition Now Available 


Should be useful to instrument 
users, switchboard attendents, test- 
ing engineers, and instrument serv- 
ice men. 


cloth, xii + 263 pages, 5 x 8% in. 
274 illustrations 


$2.00 postpaid 


Payment must accompany order. 


The Instruments Publishing Co., Inc. 
854 Ridge Ave., Pittsburgh, Penna. 














PROCESS 
CONTROL 


By A. J. Young 
Imperial Chemical 
Industries, Ltd. 


Covers control problems; 
operation of closed-loop 
systems; modes of control; 
types of controller available 
(American, British, Ger- 
man); effects of time lag. 


Explains basic principles 
without use of advanced 
math. 


Cloth, 182 + vi pages, 5x8 inches 


$2.00 postpaid 


[Payment must accompany order) 








Instruments Publishing Co. 
845 Ridge Ave., Pittsburgh 12, Pa. 


Enclosed is $........ for 


copies of Young's 
Process Control, 


at $2.00 each postpaid. 


ee State 
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ELECTRONIC 
COMPONENTS 


COMPONENTS for automatic control 

of aerodynamic research and testing 

facilities are described in new 20-page 

Bulletin MSP-133.—Hagan Corpora- 

tion, Hagan Bldg., Pittsburgh 30, Pa. 
Circle 401 on inquiry card. 


MI-FROWAVE COMPONENTS are de- 

scribed in new 8-page Bulletin 317.— 

Varian Associates, Palo Alto, Calif. 
Circle 402 on inquiry card. 


RF PROBE tunable over 900 to 18,000 
me is described in new 2-page data 
sheet.—The Narda Corp., 160 Her- 
ricks Rd., Mineola, L. I., N. Y. 

Circle 403 on inquiry card. 


MIGROWAVE ABSORBERS that sim- 
ulate free space are described in new 
4-page reprint.—Emerson & Cuming, 
Inc., 869 Washington St., Canton, 


Mass. 
Circle 404 on inquiry card. 


DIFFERENTIAL TRANSFORMER uses 
are described and associated circuitry 
shown schematically in 8-page bulletin 
reprint.—Automatic Temperature 
Control Co., Inc., 5200 Pulaski Ave., 
Phila. 44, Pa. 

Circle 405 on inquiry card. 


POTENTIOMETER specs for general 
and sine-cosine type pots are given 
in 2-page reprint.—Accuracy Ince., 4 
Gordon St., Waltham, Mass. 

Circle 406 on inquiry card. 


ACCELEROMETER incorporating a 
variable linear transformer is de- 
scribed in new 4-page Data Sheet 20. 
—Genisco Inc., 2233 Federal Ave., 
Los Angeles 64, Calif. 


Circle 407 on inquiry card. 


THERMOCOUPLES for aircraft gas 

turbines and related aviation applica- 

tions are described in new 4-page 

Bulletin MC-153.—Aviation Products 

Div., Fenwal Inc., Ashland, Mass. 
Circle 408 on inquiry card. 


DIGITAL and alpha-numerical indica- 
tor specifications and illustrations are 
given in new 4-page Bulletin 1011.— 
Union Switch and Signal, Div. of 
Westinghouse Air Brake Co., Pitts- 
burgh 18, Pa. 


Circle 409 on inquiry card. 


EXPLOSIVE ACTUATED VALVES, in- 
cluding normally open and normally 
closed types that can store liquid or 
gas at pressures up to 5000 psi are 
described in new 8-page brochure.— 
Conax Corp., 2300 Walden Ave., Buf- 
falo 25, N. Y. 


Circle 410 on inquiry card. 


TAPE WOUND CORES Catalog TWC- 
200 is design manual including 28 
pages of data on magnetic terminolo- 
gy, design equations, material charac- 
teristics and testing data.—Magnet- 
ics, Inc., Butler, Pa. 

Circle 411 on inquiry card. 


MINIATURE MAGNETIC CLUTCHES 
are featured in “Helinews” No. 
which also includes variable delay 
lines, pots, etc.—Helipot Corp., Divi- 
sion of Beckman Instruments, Inc., 
Newport Beach, Calif. 

Circle 412 on inquiry card. 


MICRO-MINIATURE CAPACITORS for 
low-voltage d-c applications (such as 
0.095” x 0.195”, 8 uf, 1-v unit) are de- 
scribed in a new 4-page Bulletin GEA- 
6065C.—General Electric Co., Sche- 
nectady, N. Y. 


Circle 413 on inquiry card. 


ELECTRONIC TRANSFORMER charac- 
teristics, prices and dimensions are 
presented in new 32-page Catalog TR- 
57.—Triad Transformer Corp., 4055 
Redwood Ave., Venice, Calif. 


Circle 414 no inquiry card. 


BALL/DISC INTEGRATOR operation 
and applications are described in new 
6-page Catalog 304061.—Librascope, 
nee 808 Western Ave., Glendale 1, 
alif. 


Circle 415 on inquiry card. 


DC SOLENOIDS, miniature and sub- 
miniature, are described in two new 
2-page reference sheets.—PSP Engi- 
neering Co., 6058 Walker Ave., May- 
wood, Calif. 


Circle 416 on inquiry card. 


MAGNETIC AMPLIFIER characteris- 
tics, specs, and circuit connections are 
presented in new 16-page product cat- 
alog.—Litton Industries, Maryland 
aa” 4910 Calvert Rd., College Park, 


Circle 417 on inquiry card. 


MAGNETIC AMPLIFIERS for 60- and 
00-cps operation are described in new 
6-page Bulletin S235B.—Magnetic 
Amplifiers,Inc., 632 Tinton Ave., New 
York 55, N. Y. 


Circle 418 on inquiry card. 


MAGNETIC AMPLIFIER is presented 
for use in servo system with the 
Kearfott R110-2, 400-cps servo motor 
in 2-page Bulletin C-129-5100.—The 
Ahrendt Instrument Co., 4910 Calvent 
Rd., College Park, Md. 


Circle 419 on inquiry card. 


WAVEGUIDE COMPONENTS. New 4- 
page catalog lists maker’s line of mi- 
crowave components and test equip- 
ment.—Microwave Associates Inc., 
Burlington, Mass. 

Circle 420 on inquiry card. 


RESISTORS. New 12-page Bulletin 
C-lb contains data on maker’s tubular 
and flat Power Wire Wound Resistors. 
—TInternational Resistance Co., 401 N. 
Broad St., Phila. 8, Pa. 


Circle 421 on inquiry card. 


CARBON FILM RESISTORS. New 
2-page Catalog 307-1056 describes 
maker’s new low-cost carbon film re- 
sistors and provides mechanical and 
electrical characteristics.—C ontinen- 
tal Carbon, Div. of Wirt Co., 5221 
Greene St., Phila. 44, Pa. 
Circle 422 on inquiry card. 


DELAY LINES. New 4-page Bulletin 
17 provides information on applica- 
tions, specifications, electrical and me- 
chanical characteristics, of maker’s 
high-impedance delay lines with mag- 
netic core.—Columbia Technical Corp., 
61-02 31st Ave., Woodside 77, N. J. 


Circle 423 on inquiry card. 





Lit Bits—Continued 





“Press-Fit” Teflon Terminals 


a, These stand-off and 





Extension feedthru terminals are 
Teflon available in both minia- 
Bushing ee 

Pet a ture and subminiature 
Application sizes. “Press-Fit” means: 
t lee —— kantect Pin Easiest to install, superior 
sczscczest Press-Fit* in electrical, thermal, 

Application : 
Teflon Bushing chemical and mechanical 

—Contact propert ies; 


eliminating 
hardware; minimizing assembly labor; and costing 
less than glass, ceramic or other types. For ultra. 
high-frequency operations, “Press-Fit” terminals are 
designed to operate at frequencies far above the 200 
megacycle limit for glass or ceramic insulators. Over- 
all length and O. D. sizes of “Press-Fit” terminals are 
greatly reduced over stand-offs and feed-thrus of other 
insulation material. Exceptionally high insulation 
favors miniaturization and sub-miniaturization pro- 
grams. Typical “Press-Fit” connector application is 
illustrated. Engineering data on 75 standard parts are 
listed. (From new 8-page Bulletin, “Press-Fit” Teflon 
Terminals, Sealectro Corporation, 610 Fayette Ave., 
Mamaroneck, N. Y.) 


For this literature circle 111 on inquiry card. 


Special Magnetics 


The Avion Division of ACF Industries, Inc., brings 
to the electronic industry a complete service to meet 
your requirements in transformers, chokes, inductors, 
saturable reactors, magnetic amplifiers, servo ampli- 





fiers, special power supplies, frequency multipliers and 
other encapsulated magnetic circuits. This program was 
initiated to meet Avion’s own requirements for special 
magnetics with performance characteristics exceeding 
those of the ordinary stock variety; and further, to 
facilitate prompt availability for proto-types as well 
as production quantities required for both military 
and industrial application. Individual components can 
be the development of an original design; the pro- 
duction of your own design; or the reproduction of 
existing magnetics. Small quantities for models and 
prototypes or production quantities, direct from plant 
to customer. (From new 2-page bulletin, Avion Div. 


ACF Industries, Inc., 11 Park Place, Paramus, N. J.) 


For this literature circle 112 on inquiry card. 
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EVENTS 








August 5-10 

National Naval Aviation Meeting, sponsored by In- 
stitute of Aeronautical Sciences and its San Diego 
Section, U. S. Grant Hotel, San Diego, Calif. 


August 20-23 
Western Electronic Show and Convention, Cow Palace, 
San Francisco, Calif. (See page 129) 


August 26-30 

Eighth Annual Infrared Spectroscopy Institute, Fisk 
University, Nashville 8. Tenn. For information write 
Nelson Fulson, Infrared Spectroscopy Institute, Fisk 
University, Nashville, Tenn. 


September 4-6 

Second Technical Conference and Exhibit on Mag- 
netic Amplifiers, Penn Sheraton, Pittsburgh, Pa. For 
information write David Feldman, Bell Telephone 


Labs., Whippany, N. J. 


October 3-4 


Tenth Annual Quartermaster Association Convention, 
San Francisco, Calif. For more information write, 
Col. A. L. Bivens, president, Northern California 
Chapter, Q.A., P. O. Box 105, Presidio of San Fran- 


cisco, Calif. 


October 24-25 


Fourteenth Annual Display of Aviation Electrical 
Equipment, Pan Pacific Auditorium, Los Angeles. 
For information write Mr. Howard Ryerson, care of 
Lynn-Western, Inc., 6901 Melrose Ave., Los Angeles 
38, Calif. 


November 5-6 


Joint Military Industry Guided Missile Reliability 
Symposium, Naval Air Missile Test Center, Pt. Mugu, 
Calif. Persons desiring to attend must have a Secret 
security clearance and should make known their plans 
by August 15 to Commander, USNAMTC, Reliability 
Symposium, Code CEN-1, U. S. Naval Air Missile 
Test Center, Point Mugu, Calif. 


December 6-7 


American Rocket Society, Eastern Regional Student 
Conference, Hotel Statler, New York, N. Y. For in- 
formation write Mr. Mario W. Cardullo, Pres., Poly- 
technic Chapter, ARS, Polytechnic Institute of Brook- 
lyn, 99 Livingston St., Brooklyn 1, N. Y. 


June 9-13, 1958 


Fourth International Automation Congress & Exposi- 
tion and First Military Automation Exposition, Coli- 
seum, New York, N. Y. For information write to 








Richard Rimbach Associates, 845 Ridge Ave., Pitts- 
burgh 12, Pa. 
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TUBES, 
TRANSISTORS 


MICROWAVE TUBES, Klystrons, 
BWD’s, TWT’s, etc. are described in 
new 3l-page Catalog 311.—Varian 
Associates, 611 Hansey Way, Palo 
Alto, Calif. 


Circle 424 on inquiry card. 


MEDIUM-MU TWIN TRIODE, a 9-pin 
miniature type tube designed for use 
in electronic computers, particularly 
high-speed digital type, and in other 
“on-off” control equipment is de- 
scribed in a new 4-page Bulletin 6350. 
—Radio Corp. of America, Tube Div., 
Harrison, N. J. 
Circle 425 on inquiry card. 


TRANSISTORS, DIODES and rectifiers 
are described in new 4-page Bulletin 
TE- 1340.—Transitron Electronic 
Corp., Wakefield, Mass. 


Circle 426 on inquiry card. 


ELECTRONIC TUBES. New Techni- 

cal Handbook covers complete line of 

Swedish-made Ericsson _ electronic 

tubes. Included are complete ratings 

and characteristic curves.—State Labs 

ats, 649 Broadway, New York 12, 
Circle 427 on inquiry card. 


SUBMINIATURE TUBES, New 6-page 
reprint “Radiography in Production 
Control and Inspection of Submin- 
iature Tubes” describes techniques 
used by Raytheon Manufacturing Co. 
—Instruments Div., North American 
Philips Co., Inc., 750 South Fulton 
St., Mount Vernon, N. Y. 

Circle 428 on inquiry card. 


MOTORS, SYNCHROS 


MOTOR performance curves and en- 
gineering data for a-c motors and 1- 
and 1%-inch blowers are presented in 
2-page bulletin—Induction Motors 
i 570 Main St., Westbury, L.I., 


Circle 429 on inquiry card. 


SYNCHROS with 3-minute accuracy 

are specified in new 4-page Bulletin 

409.—N orden-Ketay Corp., Western 

ei 13210 Crenshaw Blvd., Gardena, 
alif. 


Circle 430 on inquiry card. 


DYNAMOTORS with output to 100 w 
are described in new 2-page data 
sheet providing engineering design 
and performance data on maker’s 
new line of dynamotors.—Induction 
Motors Corp., 570 Main St., West- 
bury, L.IL, N. Y. 


Circle 431 on inquiry card. 


SPECIALTY MOTOR fan and blower 
characteristics are presented in new 
14-page Catalog 83.—Ashland Elec- 
tric Products, Inc., 32-02 Queens Blvd., 
Long Island City 1, N. Y. 


Circle 432 on inquiry card. 


PRECISION FINE PITCH GEARS are 
described and gear data formats pre- 
sented in new 12-page brochure.— 
Precision Gear Department, Fairchild 
Camera and Instrument Corp., Rob- 
bins Lane, Syosset, L. I., N. Y. 

Circle 433 on inquiry card. 


SWITCHES, RELAYS 


SWITCHES, including maker’s “Rock- 
et” switch that fits on rocket launch- 
ing tubes of aircraft are detailed in 


new Data Sheets 120, 124, and 125.— | 
Micro Switch, Division of Minneapo- 
lis-Honeywell Regulator Co., Freeport, 
Ill. 


Circle 434 on inquiry card. 


ROTARY SWITCHES for high speed 
telemetering, sampling, programming 
are described in new 4-page folder.— 
Instrument Development Lab., Inc., 67 
Mechanic St., Attleboro, Mass. 

Circle 435 on inquiry card. 


LIQUID LEVEL SWITCH using radio- 
active sensing element is described in 
new 2-page Technical Bulletin 381-1. 
—Aeronautical Div., Robertshaw-Ful- 
ton Controls Co., 401 N. Manchester 
Ave., Anaheim, Calif. 


Circle 436 on inquiry card. 


RELAYS, r-f systems and components, | 


timers, etc. are described in new 16- 
page catalog.—Electronic Specialty 
Co., 5121 San Fernando Rd., Los An- 
geles 39, Calif. 


Circle 437 on inquiry card. 


ELECTRONIC 
INSTRUMENTS 


VOLTAGE REGULATORS are featured 
in new 14-page Bulletin TE 1352 
“Silicon Voltage Regulators and Ref- 
erences.’’—Transitron Electronic 
Corp., Wakefield, Mass. 

Circle 438 on inquiry card. 


BRIDGE AMPLIFIER and meter and 
strain gage switch and balance are 
described in new 2-page Bulletins 6 
and 12.—Ellis Associates, Box 17, 
Pelham, N. Y. 


Circle 439 on inquiry card. 


PULSE GENERATOR, pulse burst gen- 
erator, frequency indicator and print- 
ing recorder, and frequency, period 
and time interval meter are described 
in new 2-page bulletins.—Electro- 
Pulse, Inc., 11861 Teale St., Culver 
City, Calif. 
Circle 440 on inquiry card. 


TRANSISTOR ANALYZER for meas- 
uring alpha and alpha cutoff, collec- 
tor and emitter currents, V.», Vec and 
Voe is specified in 2-page Catalog 
970A. Sweeping oscillator for 10— 
145 mc is described in 2-page Catalog 
865: For 4—120 mc in 2-page Catalog 
866.—Kay Electric Co., 14 Maple Ave., 
Pine Brook, N. J. 


Circle 441 on inquiry card. 


TIME-TEMPERATURE RECORDER for | 


aircraft jet engines is explained in 
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8-page Brochure 133.—Avien Inc., 58- | 
15 Northern Blvd., Woodside 77, N. Y. | 


Circle 442 on inquiry card. 


SYNCHRO AND RESOLVER bridges | 


used to measure angular error are de- 
scribed in two new 6-page bulletins.— 
Theta Instrument Corp., 204 Market 
St., East Paterson, N. J. 


Circle 443 on inquiry card. 


ELECTRONIC COMMUNICATION with 

automatic response to coded inquiries 

is yo in new 8-page booklet.— 

Bell & Gossett Co., Morton Grove, III. 
Circle 444 on inquiry card. 


STRAIN GAGE BALANCE, six compo- 

nent, internal, is described in new 4- 

page bulletin.—Task Corp., Anaheim, 
alif. 


Circle 445 on inquiry card. 
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Grooved Hub 
’ S| 
If your requirements 
include 
¥%,” to 5” O.D.—180-16 D.P. 
AGMA Precision #3 





Then, write us for 
prompt response, today! 


H.O. Boehme, inc. 
Designers and Manufacturers 
Communication Equipment 

Precision Electro-Mechanical 

Apparatus Since 1917 

915 Broadway 

New York 10, N.Y. 


nation circle 36 on inquiry card. 
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Acetrim* sub-miniature 





necsion TRIMMERS 
for PRINTED CIRCUITS 


Here is another new development 
from Ace .. . sub-miniature precision 
wire-wound trimmers especially for 
printed circuits. Designed and pro- 
duced to meet your tightest specifica- 
tions, the mew Acetrim has flat or 
round tabs to facilitate production 
assembly. Just plug into printed cir- 
cuit board, secure, and dip solder. 


Ace delivers reliability 


ein 


Y%,”’ size 

10 ohms to 150 K 

weight % ounce 

power 2 w. @ 60° C. max. 


temperature to 125° C. 
sealed, moistureproofed, 
anti-fungus treated 
withstands severe shock, 
vibration, acceleration 
meets applicable Military 
specs 





Modern mass production techniques assure delivery to meet your sched- 


ules . . 
reliability. 


Acetrim — write for Technical Data Unit 
#563. 


Acepot — 1” sub-miniature precision 
wire-wound linear potentiometers from 
10 ohms to 250K. +.3% standard. Write 
for Technical Data Unit #564. 


Nonlinear Acepot — precision wire- 
wound nonlinear potentiometers for 


*trademarks applied for 
ACEPOT* 





Dept. M, 101 Dover St. « 


Telephone: SOmerset 6-5130 ° 


_ACETRIM* ACE ELECTRONICS ASSOCIATES, INC. 


. rigid quality controls assure highest standards of performance- 


sine-cosine and square-law functions and 
other applications. High resolution, close 
conformity. Write for Technical Data 
Unit #572. 


X-500 Acepot — 1” sub-miniature pre- 
cision potentiometers for extreme tem- 
peratures of —55° C. to 150° C. 10 ohms 
oa Write for Technical Data Unit 





Somerville 44, Massachusetts 


Engineering Representatives in Principal Cities 


For more information circle 37 on inquiry card. 


NEW LITERATURE 





RATIOMETER and slideback voltmeter 
are described in new 2-page brochure. 
—Cal-Tronics, Corp., 11307 Hindry 
Ave., Los Angeles 45, Calif. 


Circle 446 on inquiry card. 


COMPUTERS 
ANALOG COMPUTER'S building-block 


design, problem handling capacity and 
accessories are discussed in new 4- 
page bulletin.—Donner Scientific Co., 
888 Galindo St., Concord, Calif. 


Circle 447 on inquiry card. 


COMPUTERS. RADAR and facilities 
for development and manufacture of 
electronic components are illustrated 
in new 12-page brochure.—Labora- 
tory for Electronics Inc., 75 Pitts St., 
Boston, Mass. 

Circle 448 on inquiry card. 


COMPUTER for slant ranges is said 
to be accurate to 0.01% in new 2-page 
bulletin.—Julie Research Laboratories 
Inc., 341 East 149th St., Bronx 51, 
N. Y. 


Circle 449 on inquiry card. 


SHAFT ANGLE CONVERTERS for 
binary decimal coding are described 
in new 4-page brochure.—Instrument 
Development Labs, Inc., 67 Mechanic 
St., Attleboro, Mass. 

Circle 450 on inquiry card. 


MATERIALS 
ATLAC THERMAFLOW 800, new glass 


fiber reinforced polyester molding 
compound is described in new Data 
Sheets.—Atlas Powder Co., Wilming- 
ton 99, Del. 


Circle 451 on inquiry card. 


FOTOFORM GLASS is described and 
applications, such as printed circuitry, 
illustrated in new brochure EPFF-1. 
i Products Div., Corning 
Glass Works, Corning, N. Y. 

Circle 452 on inquiry card. 





TEFLON chemical, thermal, electrical 
and aging properties and applications 
are contained in new 20-page hand- 
book.—TA Mfg. Corp., 4607 Alger St., 
Los Angeles 39, Calif. 


Circle 453 on inquiry card. 


ENCAPSOR for hermetically embedded 
circuitry is described in new 4-page 
folder.— Alcor Electronics Corp., 180 
Lafayette St., New York 13, N. Y. 


Circle 454 on inquiry card. 


FACILITIES 
ULTRASONIC RESEARCH projects and 


developments are described in new 8- 
page pamphlet.—Aeroprojects Inc., 
West Chester, Pa. 

Circle 455 on inquiry card. 


SHOCK TUBES designed for experi- 
mentation in ranges above Mach 10 
are described in new 8-page brochure. 
—Aveo Mfg. Corp., R.A.D.D., 20 South 
Union St., Lawrence, Mass. 

Circle 456 on inquiry card. 


ee 
SATELLITE TRACKING antennas and 
requirements for tracking project van- 
guard are described in 4-page Bul- 
letins 1613-S and 1614-S.—Technical 
Appliance Corp., Sherburne, N. Y 


Circle 457 on inquiry card. 


CASES 
TRANSIT CASES for special require- 


ments are illustrated in new 8-page 
brochure.—Craig Systems Inc., 90 
Holten St., Danvers, Mass. 

Circle 458 on inquiry card. 


LATCHES, including access and cowl- 
ing latches suitable for cargo doors, 
access panels, armament compart- 
ments, etc. are described in new Bro- 
chure AD 339.—Simmonds Aeroces- 
sories, Inc., Tarrytown, N. Y. 

Circle 459 on inquiry card. 


STAKED FASTENERS that provide 
load bearing threads in thin free flow- 
ing material, such as aluminum, brass, 
panel steels and copper, are described 
in a new 4-page Catalog M-200.— 
My-T-Grip Mfg. Co. Inc., 176 Broad- 
way, New York 38, N. Y. 


Circle 460 on inquiry card. 


CLOSURES precision drawn cases 
and cover assemblies are presented in 
new 4-page bulletin—Hudson Tool 
& Die Co., Inc., 18 Malvern Street, 
Newark 5, New Jersey. 

Circle 461 on inquiry card. 


MISCELLANEOUS 
MASTER OSCILLATOR specifications 


are given in new 4-page brochure on 

Series 182 Crystal synthesizer which 

provides 20,000 frequencies in 18- 

410 mes range stable to 1 part in 

107.—Manson Laboratories, 207 

yreenwich Ave., Stamford, Conn. 
Circle 462 on inquiry card. 


FUNCTIONAL TESTER. A_ universal 
tester for complex relay systems is 
described in new 4-page bulletin.— 
Dit-Mco Inc., 911 Broadway, Kansas 
City, Mo. 

Circle 463 on inquiry card. 


MINIATURE CONNECTOR drawings 
and clocking charts for miniature 
hermetic, quick disconnect, push-pull, 
rack and panel and edgelite panel 
connectors are presented in new 24- 
page catalog.—The Deutsch Co., 7000 
Avalon Blvd., Los Angeles 3, Calif. 


Circle 464 on inquiry card. 


CLIPS, including new “70 Series” al- 
ligators are described and illustrated 
in new 8-page Catalog 200.—Mueller 
Electric Co., 1573L E. 31 St., Cleve- 
land 14, Ohio 

Circle 465 on inquiry card. 


HUMIDITY CHAMBER with 2-point 
programming is featured in new 2- 
page Bulletin 5670.— Blue M Electric 
i 138 and Chatham, Blue Island, 
Ill. 


Circle 466 on inquiry card. 


TRANSISTOR CURVE TRACER. New 
4-page Bulletin S383A contains infor- 
mation on maker’s transistor curve 
tracer, Model 200A; new 4-page Bul- 
letin S667 covers Model 300A for 
power transistors.—Magnetic Ampli- 
fiers, Inc., 632 Tinton Ave., New 
York 55, N. Y. 


Circle 467 on inquiry card. 


BUFFET UNIT CONNECTORS for use 
in aircraft galleys are shown in new 
8-page bulletin.—Cannon Electric Co., 
aie Humboldt St., Los Angeles 31, 
alif. 


Circle 468 on inquiry card. 
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Ace Electronics Associates, Inc. __ 180 
Alden Products Company ................. 163 
Alpha Wire Corp. ..................-.-------- 176 
Armour Research Foundation 170 
Automatic Temperature Control, Inc. ...... 127 
NE Seen ; 179 
Bristol Company ........................-.--- eaieenioets = 
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Magnetic Tape System 


112,000 DATA BITS 
PER INCH ON % INCH 


aoovcr On 


3D MAGNETIC TAPE 


[MWimeonts laboratories have developed multi-channel (as many 
as 7 channels on half-inch tape) magnetic systems, in which 
each channel is capable of directly recording the full frequency 
response of radar video, t-v video, high speed data signals, or 
other similar types of data information. 


(MJimeomts ten years of research have resulted in greater head 
definition, higher signal-to-noise ratios, uniform phase and 
frequency response—especially for organizations desiring an 
up-to-date system suitable for problems of the future. 


Mimeonts direct frequency recording is utilized for response 
from 200 cycles to 2.5 megacycles, and in addition, FM tech- 
niques can be used on each channel for extension of frequency 
response down to DC. Many special techniques have been 
developed to provide practically an error-free recording sys- 
tem, i.e., wow and flutter compensation, drop-out reduction 
devices, high accuracy speed control, etc. Equipment has been 
developed for both airborne and ground-base use which meets 
military requirements for ruggedness. A number of systems 
are in use and have proved to excel in performance and 
reliability. 


Complete systems have been delivered to: Westinghouse 
Electric and Manufacturing Company « United States Army 
Signal Corps - United States Air Force - Temco Aircraft 
Corporation. 
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Write for complete specifications 
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cam linco. 


DIVISION 





MINNESOTA MINING & 
MANUFACTURING COMPANY 


2049 South Barrington Avenue, Los Angeles 25, California 


Formerly Electronics Division, Bing Crosby Enterprises, Inc. 


For more information circle 38 on inquiry card. 
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Section of 50 hour pre-aging rack. 


POWER DESIGNS conineratsondrd power spp 


are being furnished for ground telemetering equipment 


inthe FARTH SATELLITE Pree" 


We have been manufacturing precision power sources for electronic 


instrumentation for 15 years. Can we be of service in the solution of your 


power supply problems. Literature available. Write Dept. 1-2-1. 


Power Desjons ine. Sait Be 


STABLE POWER SOURCES FOR ELECTRONIC INSTRUMENTATION 


For more information circle 39 on inquiry card. 


